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INTRODUCTION

Lime has been used on a limited basis to stabilize or improve
the structural gquality of highway construction materials in
California for more than two decades. The acceptance of the
use of lime stabilized materials, however, has been neither
immediate nor unanimous among highway engineers. As a result,
the amount of lime stabilization work on State highway projects
in California has increased slowly.

The increased costs of processing and transporting aggregate,
along with the decreasing availability of good quality aggre-
gates, have caused a steady increaée in the need to provide a
structurally suitable substitute for these untreated aggregate
base and subbase materials. This has been especially true for
some county road departments where funds are extremely limited
and the need for improved roads is great. Because of these needs,
the interest in lime treatment of locally available materials

has grown steadily in California during the past fifteen years.

Increasing interest on the one hand, coupled with skepticism

on the other, has led to the use of lime treated materials in
several research test sections on State and FAS routes. These
test sections, some of which were several miles in length, were
monitored through various phases of construction and for a period
of time following completion of the roadway. Although these test
sections have provided considerable information regarding indivi-
dual projects, they have not been comprehensive enough to provide
a basis for an overall evaluation of the field performance of
lime treated materials under varying environmental conditions.
Thus, the objéctives of this study were to evaluate the perform-
ance of lime treated roadways in all regions of California and
to relate the observed performance to design and construction
procedures. Each road included in this study was visually

inspected for surface distress. The amount of maintenance work
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Vmade apparent by patches and overlays ‘was taken into considera-

tlon along with exlstlng dlstress in the form of potholes,
rutting and cracklng. This visual inspection was supplemented
with detalled 1nvest1gatlons of the 1n-place structural section
materlals on several selected projects.

To provide data from a broad range of materials over a large
geographical area, many FAS routes and county roads were included
in the study. A few city Streets were also included.

The roadway conditicﬁ survey and detailed investigations of
selected prOJects, along with dlSCUSSlOHS with design and
construction personnel in many agencies, have provided con-
siderable insight- 1nto ‘the use of lime treated materials for
road construction. 'biSCuésiCns with representatives of various

local agenc1es also p01nted out a weakness when evaluating

projects on the ba51s of’a surface condition survey alone.

One county road in the San Joagquin Valley area required
resurfacing after 7'&ears of serﬁice while two other roads in
the same vicinity were rated by the coﬁdition survey as being

in extremely poor cchdition. County personnel, however, con-—
sider ‘the perfcrmance—of these roads to be completely satis-
factory in that the maintenance work, even though not eliminated,
was significantly lees than the effort generally required when

roads were constructed using similar material and no lime

It must also pe'reaiized that much of the early lime stabili-
zation work throughcat California was done as a "last resort®
effort to'economicaiiy ccrrect severe structural problems or
extreme exposure to ground water. Often, this work was done

without beneflt cf prellmlnary testing or design criteria.

‘Under such condltlone, it can only be stressed that lime

treatment isfnot a “cure all" for every situation and an
englneerlng approach to 1ts use must be ut111zed if a high
degree of success 15 +to be expected.

il
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CONCLUSTIONS AND RECOMMENDATIONS

The following conclusions are derived from data and information
gathered from this study.

- 1. The stability of substandard aggregates can often be

significantly improved by treatment with lime.

2. Certain soils can be effectively used as a base or subbase
in the roadway structural section if treated with lime.

3. Distress or failure of lime treated materials in a road-
way structural section can generally be traced to one or more

of three primary sources:

a) Attempted treatment of nonresponsive materials.
b} Poor uniformity of the lime distribution.
¢) Inadequate structural section design.

4. Adherence to the asphalt concrete surface thickness designated
by the design formula is essential to the satisfactory performance
of lime treated roadways.

5. Any of the high calcium lime products which meet the minimum
calcium hydroxide content requirements included in the January
1975 Standard Specifications of the California Department of
Transportation can be used sucﬁeésfully for road construction.

6. Lime treated materials can be adversely affected by iepeated
wetting of the exposed surface, or by excessive drying, or alter-
nate wetting and drying of the in-place material, prior to com-
pletion of the cementing process.

7. Shrinkage cracking is a common occurrance in lime treated
materials. - The severity of the cracking is often increased,
however, when rapid and excessive drying occurs.
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8. Sﬁéeessive layers of lime treated material often do not
bond together, thus creating potential slippage planes.

9. The ultimate structural value of lime treated materials is
not always correctly measured by the R-value test. The ion
exchange which alters the soil characteristics and improves the
R-value may not be permanent if cementing does not occur.

10. The current California design procedure provides a struc-
turally adequate roéﬁWaylwhen responsive materials are treated
with lime. It does not, however, take full advantage of the
high compressive strengths developed by lime treating some
‘materials. ’

The follow1ng recommendatlons are offered on the basis of the
foregozng conc1u51ons. '

1. lee treatment of sub-standard aggregates and materials
already 1n place in the roadway ‘should be given consideration

as a v1able alternative when constructing new roads and recon-
TR 'structlng ex1st1ng roads.

2. Native soils ﬁﬂich respond favorably to lime treatment
"should beegivenmconeideration for incorporation into the road-
way structural,Sectipn.

3. It is‘imperative that sufficient preliminary testing be
‘done to evaluate 1nd1v1dually each material's response to lime
-treatment. *

4. . The asphalt concrete thickness required per the design
procedure should be closely adhered to.

5. The specifications for lime treatment should be modified

to allow the use of various forms of lime which meet the minimum
T calcium hydroxide reguirements and can be dispersed uniformly

within the material being treated.

ClihPD wwwfastio.com
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6. Lime Treated materials must be protected from excessive
drying. The surface of the compacted layer should be covered
as soon as possible after compaction with the next layer of the
structural section or a curiné seal. When it becomes necessary
to keep the surface of the lime treated material moist by the
application of water, traffic should not be permitted on this
moist material.

7. Traffic should also be prohibited from using the lime
treated material until the material has gained enough strength
to resist deformation under loading. A research project should
be initiated to develop a simple method .of evaluating the load
bearing capacity of'in—place materials.

8. The maximum lift thickness for lime treated soils should

be increased from 6 to 12 inches when the contractor demonstrates
that his equipment and method of operation will provide uniform
distribution of the lime and the required densities.

9. A minimum 1lift thickness of 4 inches should be required to
eliminate thin layers and reduce the number of potential slippage
planes within the total thickness of lime treated material.

10. An unconfined compressive strength test should be used to
evaluate the ultimate structural value of lime treated materials.
When it is established that a material is suitable for lime treat-
ment, the structural section should be designed to effectively
utilize the potential of the lime treated material.

11. The structural value of lime treated materials, expressed

and applied to the California design formula in terms of gravel
equivalent value, should be established on the basis of unconfined
compressive strength. High strength materials should be assigned
greater value than low strength materials. A research study is
currently in progress to evaluate the strengths that can be

www . fastio.com
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‘achieved wheh lime is mixed with various soils. This work

should provide more complete data for establishing gravel
equivalent values of lime treated soils based on unconfined
compressive strengths.,

IMPLEMENTATION

Many of the findings and recommendations included in this report
have already been incorporated into more recent lime treatment
projects.

Revised specifications permitting the use of granular guicklime
have been prepared and submitted to the specifications committee.
Although not yet included in the Standard Specifications, these
specifications have;been used on several individually approved
State projects as well as county projects.

Recent reconstructiéh work on California Route 45 incorporated
several of the proposals recommended in this report. On this
project, existing roadway materials, including asphalt concrete,
aggregate base and the underlying clayey soil, were treated with
quicklime for use as a base course. The total 0.83 ft. thickness
of the lime treated base was mixed and compacted as a single
layer with no difficulties in meeting specifications.

An unconfined compréésive strength test for use with lime treated
materials has been developed bf the Transportation Laboratory.
The procedure and its application to the design and control of
lime treated materials have not yet been officially adopted;
however, the test is béing used in research studies and has been
distributed to other agencies upon reguest. The application

of data from this test to structural section design will be
evaluated upon completion of a current laboratory study of the
strengths of lime treated soils.

o
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' BACKGROUND INFORMATION

The first recorded use of hydrated lime as a soil stabilizing
agent by the California Division of Highways was in 1921-22,

At that time a section of road in Solano County between Rio
Vista and Denverton was used as an experimental roadway to
study methods of stabilizing adocbe subgrades. Twelve test
sections were constructed using various percentages of portland
cement, hydrated lime, limestone dust or asphaltic o0il to modify
the subgrade soil. Adjacent sections were also constructed with
4 inches of gravel over the untreated soil. A pavement condi-
tion survey two years after construction revealed that none of
the modified soils prevented cracking of the 5 inch thick PCC
pavement that had been placed. It was concluded at that time
that the 4 inch layer of gravel was a more efficient, and much
less expensiwve, method of reducing pavement damage caused by
unstable subgrade materials.

Lime stabilization work in California was then confined to the
laboratory until the late 1940's. 1In 1948, lime was used on
two separate projects in the central Sierra Nevada area to
reduce the plasticity of existing, or readily available, base
materials. A short-term performance analysis of these roads
after two years of service indicated that the addition of

lime had improved the quality of the base material and that
these test sections were holding up better than adjacent
sections constructed with untreated base materials (l).

As a result of the apparent success of these two projects,
several individuals, both in the District and in the Materials
and Research Department, became advocates of lime stabiliza-
tion. During the 1950's lime stabilization was used for
numerous maintenance projects in Highway District 03, but few
new construction projects included lime treated materials until
the late 50's and early 60's. Because of this slow gain in
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dccebtanee; censtrueiion techniques for lime stabilization
remained relatively crude and specifications were practically
nonexistent for both the lime and the completed mixture of lime
and soil. Records indicate that prior to 1959 the lime was
simply described as "hydrated lime” or, in many instances, as
“"agricultural lime."™ Consequently, at times a waste lime from

sugar refineries or acetylene manufacturing plants was used.

Witn.the increased interest in lime stabilization, several
experimental-roadwaj'projects were constructed and evaluated
during the late 50's.and early 60's (2). In most cases, the
lime stabilization work on these experimental projects was
apparently effectiverper short-term evaluation; however, there
remained a need for a long-term evaluation of the performance

of lime treatment under various conditions and with several

- types of soils. 'Theepurpose of this study was to evaluate

the condition of roadways throughout the State which had been
constructed with liﬁe treated soils and aggregates and then
determine the factofe which may have influenced the success

or failure of theseiroads through a comprehensive investigation
of the in-place mete?ials on selected roads.

It was eriginally infended that only State and FAS projects
would be included. Wﬁuch of the early use of lime on State
routes, however, waevdone as maintenance work on short sections
of road as mentioned:previonely. As a result, design and con-
struction data were not available and the limits of the areas

‘could not he identified. In order to provide a broader base

for the performance 'evaluation, all California counties and
some cities were coniected regarding their use of lime

stabilized materials.

'Enentually, over 150° individual lime treatment projects were

identified throughoni the State. Many of these, however, were

wavwfastio.com


http://www.fastio.com/

ClibPDF -

not suitable for inclusion in thié stddy for one reason -or
another. Some had been reconstructed or abandoned since con-
struction, while many others were too new to provide meaningful
performance data. Iﬁ some cases, the only construction records
were the memories of personnel directly involved with the con-—
struction of the project. '

In the final analysis, seventy separate roadway sections were
selected for this study. These roadways have been separated
into two primary groups, those which included lime treated
material as a base'directly under the asphalt concrete sur=-
facing and those which had a lime treated subbase, a gravel
base, and an asphalt concrete surfacing. Several roads were
also observed which were constructed with a cement treated base
over the lime treated material. These roads were not included
in the study, but none showed any evidence of distress when
inspected.

Although many miles of freeway constructed in recent years have
included lime treated basement soils, these were not included
in this study. These freeways were constructed using PCC pave-
ment, cement treated base, aggregate subbase and lime treated
soils. Lime treatment on these projects was performed to
eliminate or reduce excessive expansion in the upper portion
of the soil, to provide additional cover over the untreated
expansive materials, and to create an inpervious barriér td
prevent surface water from reaching the expansive soils,
Because of the purpose of the lime treatment and the rigidity
of the structural section, these freeway sections did not lend
themselwves to the scope or methodsldf this study. It may be
adviseable, however, to make a separate evaluation of the per-
formance of lime treated soils under PCC pavements.

www . fastio.com


http://www.fastio.com/

ClihPDE ™

EVALUATION OF ROADWAY PERFORMANCE

Two main factors were considered when evaluating the performance
of the roadways. One was the physical condition of the road

~after being subjected to traffic for a substantial period of

time. The second was an estimation of the adequacy of the

roadway structural section based on currently accepted design
criteria.

Visualrsurveys wereaﬁade:to ‘evaluate and compare the surface
conditions of the roadways 1ncluded in this study. The estimated
percentage of the total roadway surface ‘affected by distress’

was used to ass1gn ratlngs of good falr, poor, or extremely
poor.

A

Roadwaysron which six oercent or less of the total travel lane
surface area was affected by visual distress or patching were

arbitrarily assigned a condition rating of "good"™. When the

affected area amounted to seven to twelve percent, a rating of
"fair® was a551gned and a ratlng of "poor" was assigned when
thlrteen to twenty—flve percent was affected. Roads which
showed eV1dence of dlstress over more than twenty—flve percent
of the total area were rated as "extremely poor” Under this
system, 1solated problems whlch ‘could have orlglnated from
numerous sources such as 1nadequate constructlon control or
uncorrected local foundatlon condltlons ‘would not have an over-—
bearing effect on the evaluatlon of the performance of the
de51gned structural sectlon.

Exact mEasurements gfithe surface areas affected were, of course,
impractical' It was therefore necessary to adopt some basic
guidelines for determlnlng the sizes of these areas. The width
of the distressed area was designated as being either full lane
width or half lane width. Under this system, distress in one
wheel path, which might actually be only a foot wide, was

10
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considered to cover half.the travel lane. If both wheel paths
were distressed the full width of the travel lane was considered
to be affected. '

. Longitudinal and transverée cracking which are normally attributed
to shrinkage were not considered to be distress unless accompanied
by other evidence such as rutting or alligator cracking. Distress
judged to have originated in the surfacing or foundation layers !
was also noted but not included in the performance ratings.
Examples of excluded failures would be obvious fill subsidence

or asphalt stripping.

The adopted rating system proved to be adequate for character-
ization of the surface condition of the various roads.

A smaller sampling of roads was later selected for detailed
materials investigations. Deflection measurements were used
to add information to the performance evaluations, and test
holes were used to determine causes of isolated problem areas
as well as differences in the performance of various roads.
Both "good" and "poor" roads were included in this detailed
investigation.

The California design procedure for flexible pavements (3)
was used to estimate the adequacy of each roadway structural
section included in this study. This procedure can be used
to establish the required thickness of each layer in the
structural section based on the destructive effect of the
predicted traffic and the load béaring capacity of each
layer of material, The destructive effect of traffic is
expressed as a numerical value referred o as the traffic
index (TI). For design purposes, a traffic index of 5 is
normaliy considered to be a minimum practical value and
applies to lightly travelled rural roads. At the opposite

11
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iﬁdéi of some heavily traveled interstate
routes may be as hiéh as 13; however, 8.5 was the highest value
assigned to any road included in this study. The load bearing
capacity or structural quality of soils and aggregates is

measured in terms of resistence (R) value {4). Crushed gravels

and some stabilized soils may have R-values approaching 90 while

some "heavy" clays may have R-values of less than 5.

The required thickness of the total roadway structural section

and each of the com@onent layers are first determined and

:expressed in terms:éf gravel equivalence (GE) or, in other words,

the thickness of grével that would be required to carry traffic
over the underlying}material. The GE value is then converted

to actual thicknesses of the wvarious structural section componhents

based on assumed slab or tensile strengths which are expressed

‘as gravel faétors (Gf). The current California design procedure

includes a gravel factor of 1.2 for all lime treated materials.
This assumes that one foot of lime treated material will have

the same value in airoadway structural section as 1.2 feet of
gravel. For comparison, aggregate base, which contains a

minimum of 25% crushed particles, is assigned a grawvel factor

of 1.1 and cement treatéd base, consisting of a graded aggregate
and portland cemen€;(7-day lab compressive strength of 750 psi)

is assigned a gravel factor of 1.7. The gravel factor of asphalt
concrete surfacing %aries from 1.5 to 2.5 depending on the traffic
index of the road with lower gravel factors used for higher TI's.

Some counties in California allow higher gravel factors for
lime treated materials than are designated in the California

- design procedure. However, in order to compare the structural

quality of all roads on an equal basis, the 1.2 gravel factor
was applied to each road regardless of the design criteria
actually used..

Tk
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In some cases, the structural section thicknesses were based

on experience, economics and "engineering judgement" rather

than a design formula. 2An effort was made to include these
projects in the study, but Oniy relative performance evaluations
were possible when traffic conditions and/or the R—value of base-
ment 50115 were not known.

Most of the roadways included in this study were designed for

a ten-year service life. In other words, the structural section
should have been sufficient to carry the projected traffic for
ten years without requlrlng major reconstruction or repairs. It
was therefore desirable to either make the performance evaluation
at the end of this design life br at least be able to extrapolate
the observed performance to a ten~year life. The surface condi-
tion of many of the Projects was observed several times over a
period of several years. These periodic reviews provided some
insight into the rate of deterioration taking place and provided
a basis for extrapolating the performance to a ten-year life,

Lime Treated Subbase

Of the roads identified and included in this study, twenty-four
were constructed using lime treated materials as a subbase.

The structural sections were completed by adding an untreated
aggregate base and an asphalt concrete surfacing.

The available materials and traffic data for each of these roads
are listed in Table 1. Also included in Table 1 are the struc-~
tural section thicknesses which would be nécessary to meet
current design standards and the structural sections actually
constructed. Table 2 provides a summary of the lime treated
material used on each Project and an evaluation of the actual

or projected surface condition of the roadway after 10 years

13
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Table 1

Design jof Roadways Incorporating Lime Treataed Material as a Subbase

LI Thickness
Required by As Built
R-value Deaign Structural Section
Traffic Basement 7 Surface Surface Total
Project Agency Index Soil GE Actual Total GE Stage 1 Stage 2 AB LTS GE
51 FAS 6.5 5 0.42 0.17 2.00 0.21 AC 0.50 0.50/0.50aS 2.10
52 FAS 7.0 3z 0.45 0.21 1.50 0.12 AC 0.50¢ 0.50 1,40
s3 Fas 7.0 6  0.45 0,21 2.10 0.1z ac 0.50 1.00 2.00
54 County <5.0 16 0.32 0.13 1.40 dhl.seal coat 4,50 1.00 1.75
55 County 6.7 15 0.43 0.20 1.80 0.17 AC 1.00 0.50 2.10
56 County 6.0 5 0.38 0.16 1,80 0.17 AC 0.50 0.90 2.00
57 County 6.0 5{(a) 0.38 0.16 1,80 0.12 AC 0.50 1.00 2.00
58 ¥AS 7.5 3 0.48 0.24 . 2.30 0.17 ac 0.50 1.00 2.10
59 ‘County 6.5 5(a) 0,42 0.20 2.00 0.17 AcC 0.50 0.75 1.80
. 510 County 8.0 7 0.51 0.25 2.40 0.33 AC 1.08 1.00 2.95
511 County 8.0 22 0.51 0.25 2,00 0.33 aC 1.17  1.00 3.20
812 County 8.0 22 0.51 0.25 2,00 0.33 AC 1.17 1.0¢ 3.20
513 County 6.7 15 0.43 0.20 . 1.80 0.17 AC 0.75 0.75 2.10
514 County 7.0 5 0.45 0.21 2.10 0.25 AC 0.50 0.52 2.25
S1i5 County 7.5 5 0.48 0,24 2.30 -0.17 AC 0.55 1,10 2.35
516 County 7.0 5(a) 0.45 0.21 2.10 0.25 AC 0.55 0.85 2.10
517 County 6.5 5(a)  0.42 0.20 2.00 0.25 AC 0.50 0.75 2.30
s18 County 6.0 22 0,38 0.16 .50 0.25 AC 0.50 0,92 2.25
519 County 6.6 5 ' 0.42 0.20 2.00 0.33 AC 0.50 0.42 1.75
520 County 7.2 10 06.46 0,21 1.80 0.25 AC 0.67 0.50 1,85
821 County 7.0 .5 0.45 Q.21 2.10 0.33 AC 0.58 0.50 1.95
522 County 7.8 11 0.50 0.25 1.75 0.25 ac 0.50 0,83 2,05
523 County 7.7 14 Q.49 0.24 2,10 0.33 AC 0.50 0.50 1.80
' ‘824 County 5.5 5 0.35 0.15 1.70 oil & gravel ,17 0.50 0.50 1.50
GE. = gf.!ave:.:l. equivalent LTB = lime treated base
aC = aspha}t concrete LTS = lime treated subbase
RMAS = road _@ixed asphalt surfacing IB = imported base
AB = aggregate base {a) = assumed
AS = aggregate subbase

ClibPD wwvwy fastio.com
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Table 2

Materials and Surface Condition Information for Roadways Constructed with
Lime Treated Material as a Subbase

Material Preated Surface Condition Suxvey
"~ Iab Rvalue - T Cradmmg i Fothole ~ Overaliv Years 5%
Project Type: $Lime “Before Affer — Longt, ' Irans. ALLig. Rutting or Patch condit, Service
sIoject - (If other than 10}
s1 as 2 21-74  73-84 Excellent -

v 82 soil & agg. 4 6-74  41-82 / Y / s v Good -
83  soil & agg. 4 6-74  41-82 /s v v 4 v Good -
54 seil als) 16 78 4 Poor -

T s5 soil 15 /o v Fair -

f 56 s0il 4 5 65 v 4 '4 Extrem=ly Poor -
s7 soil & agg. 4 5 min, 60 min. 4 4 Fair -
s8 s0il 4 3 74481 Good -
59 s0il 4(S) 80 v Fair -
510 " soil 4 7 81 ' Good -
511 soil 3 22 a2 Good -
512 soil 3 22 az Good -
s12 soil 15 ‘ v v ) Fair -
s14 seil 4(8) 5 min, 50 min. Y 4 4 Extremely Poor 7
515 s0il & agy. 5 min. 60 min. v Vv Poor -
516 soil 4 : v 4 Fair : 8
517 soil 4 16 N S Good -8
s18 soil 4 22 72-81 Excellent -
813 soil 5 ' v Good g
520 soil 2-3{0) 10-68 / Fair s
s21 s0il  2%-3%(Q) 5-21 ¥ Excellent 9
522 501l 2%-3%(0) 6-+27 ’ Estcellent B
523 soil  2%-3%(0Q) 14-20 Excellent 7
524 soil 4 ’ Good -

(8) = sludge lime
(Q)

*Actual or interpolated condition at end of 10 year service.

1]

quicklime

**Actual years of service if less than 10 at the end of the study,
or if more than 10 when initial survey was made. The years of
service prior to a rating of "extremely poor" are noted even
though the road may have been reviewed at a later date.
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of serviée.' Included in this condition survey is a list of the
types of distress or cracking observed”and an assigned condition
rating. The surface conditions after various lengths of time

in service are presented in Figure 1. The length of service
time prior to resurfacing, reconstruction, or coring in con-

junction with this study are alsc shown.

The thickness of asphalt concrete required by design criteria
can be compared with actual asphalt concrete thicknesses in
Table 1. This comParison reveals that nine of the 24 roads
were constructed with the surfacing deficient by .07 f£t. or
more. In some cases less than half the required surfacing was
placed. It was often intended, however; that the surfacing
would be placed in stages with only a portion of the required
thickness‘being placed initially to carry current traffic and
the remainder to be added at some future date. In Figure 1,
asphalt concrete biankets which completed stage construction
are identified separately from resurfacing made necessary by
other reasons such?as distressed or deteriorating pavements.
Seal coats are alsq'added for a variety of reasons which may or
may not indicate aﬂ inadequacy in the structural section. A
seal coat is often used to seal and cover cracking in the pave-
ment while at other timeés it may be used as a routine preventa-
tive maintenance pfbcedure or to improve the surface texture of
the road. Unless other indications of distress were apparent,
it was assumed that seal coats were added for some reason other
than to cover a structural deficiency.

The ﬁajority of the 24 roads which were constructed using lime
treated material as a subbase were found to be in generally
good condition. All but four of the roads were in fair to
excellent condition at, or near, the end of their ten year
design life. 'Two roads were in poor condition and two were
-rated as being in éxtremely poor condition. Of these latter

1le6
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Figure 1

PERFORMANCE EVALUATION OF ROADWAYS INCORPORATING
LIME TREATED MATERIALS AS A SUBBASE
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two, one was in extremely poor condition when first reviewed
after seven years of service and a new asphalt concrete surface
was added one year later.

Localized distress was élso observed in a few of the other
roads. Although the: distress was sometimes severe, the total
area affected was quite small and the overall condition was
rated as fair to goqé.

A review of the structural section data in Table 1 indicates
that the actual gravel equivalenﬁ thicknesses of the 24
‘different roads varied from 0.3 foot less than reguired by the
current design procedure to as much ‘as 1.2 feet more than
required. A comparison of the current design thicknesses with
the aétual as-built-thicknesses in Figure 2 fails to show a
definite correlation between the structural section and the

' perfofmancé rating. Each of the four roads constructed with
0.5 ft. or more thickness thén required was in good condition
but all of the roads which were rated as being in poor or
ekxtremely poor condition were also constructed with an
“adéquate“ design thickness or better. Only one of the nine
roads constructed with less than "adequate" total thickness
was judged to be in.fair condition while all of the remainder
were in good condition. '

‘A'comparison of'the current thickness design reguirements and
as-built thicknessés‘of the asphalt concrete in Figure 3 shows
that the performance of this group of roads is influenced to
some degree by the adequacy of the surfacing. All of the roads
which included the additional.asphalt concrete required by the
design procedure as a safety factor were in good condition.
Eighty two percent of the roads which were constructed within
+ .05 ft. of the “dééign" asphalt concrete thickness were in
fair to good condition while 60% of the roads which werxre
deficient in asphalt‘concrete thickness by more than .05 foot

" were in fair to good .condition.

18
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Figure 2

DEVIATION FROM STRUCTURAL SECTION DESIGN THICKNESS

AND THE EFFECT ON PAVEMENT PERFORMANCE
(LIME TREATED SUBBASE)
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Figure 3

DEVIATION FROM ASPHALT SURFACING DESIGN THICKNESS
AND THE EFFECT ON PAVEMENT PERFORMANCE
(LIME TREATED SUBBASE)
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Six roads from this group of 24 were selected for COring'and

a detailed evaluation of the in-place materials. Projects Sé

and S14 were selected for this phase of the study because of

the widespread distress which they exhibited. Project S18 was
selected because it had no visible distress. The remaining

three projects - 52, S3 and S8 - were in generally good condition
but each contained occasional areas of distress.

The observations and findings from these detailed investigations
are summarized in Appendix A. 1In general, it was concluded that
most of the observed distress was caused, at least in paft, by
construction variables such as nonuniform lime distribution,
aggregate base thickness deficiencies, and excessive water at
the time of or shortly after construction. Based on the sur-
face condition survey previously presented and discussed, and
the findings from the detailed investigation of the selected
roads included in Appendix A, it was concluded that lime

treated materials can be used effectively as a substitute for
aggregate subbase in the roadway structural section.

Lime Treated Base

A total of fifty-three sections of road which were constructed
with lime treated materials as a base directly under the sur-
facing course were included in this study. Eighteen of these
were constructed with lime treated aggregates while the remain-
ing 35 were constructed with lime tréated soils. In a few cases,
two different structural sections were used on the same construc-
tion project to satisfy design requirements for varying basement
s0ils. In three other cases, identical structural sections were
constructed on adjacent or near-by sections of the same road.

For either of these.situations, each identifiable section of
road was reviewed and evaluated separately.

21
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The treated aggregatesrvaried from commericaily available
aggregate base rock which fell short of standard specification
requirements to gravel deposits taken from selected areas with-
in the right of way.r In seme cases existing roadway materials,
including the asphalt concrete and aggregate base materials,
were scarified, mixed with lime, and recompacted for the base
course. In most cases, these materials had R-values above 50
prior to being treated with lime,

The majority of the materials treated in the remaining projects
were native soils ha#ing R-values of less than 30 prior to being
treated with lime.

Because of the broad range in the types of materials being treated

" with lime and used as a base course, the roads discussed in this

section were lelded into two catagorles, those which were con-
structed w1th lime treated aggregates and those which were
constructed with lime treated soils.

Lime Treated Aggregate Base

The design data and‘structural section thicknesses for the

eighteen roads constructed with lime treated aggregate as a
base are tabulated 1n Table 3. A summary of the lime treated
material used.on each project and an evaluation of the actual
or projectea surface'conditien of the roadway after 10 years of
seIV1ce are listed in Table 4, The surface conditions after

- various 1engths of time in serv1ce are presented in Figure 4.
' The length of serVLee time prior to resurfacing, reconstruction,

or coring in conjunction with this study are also shown in
Figure 4. .

-
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A comparison of the requlred {(by deSLgn crlterla) and actual
structural section thlcknesses shown in Table 3 1ndlcates that
all but three of these roads met or exceeded the design criteria.
It must be p01nted out, however, that in several cases traffic
and/or basement soil data were not available and it became
necessary to make assumptions for these values. In a few
instances, the R-values of the basemént s0ils were deduced by
assuming that the constructed structural section was oorréct
and backing through the design formula. Assumed traffic data
are based on adjacent or near-by comparable roads where traffic
volumes had been established. All assumed values in Table 3
are identified in the~appropriate column.

All of the roads except one were foﬁnd to be in good to fair
condition after 10 years of servioe,or at the time of the latest
review, Eleven had been resurfaced with an asphalt concrete
blanket before the end of the 10 year planned life but eight of
these were planned stage construction so the resurfaeing cannot
be interpreted as indicating poor serv1ce. 'The'blankét added

to another, although not spec1f1ed as stage construction, only
brings the total surfacing up to d351gn standards without the
full safety factor thickness added. No records or other evidence
were found to indicate that any of the above roads were distressed
in any way at the time the additional surfacing was added. |

Projects BA4, BA5, and BA7, on the otherhand, all had visible
distress at the time they were resurfaced.

Comparisons of the design structural section thicknesses with
the as-~built thicknesses are presented in Figure 5. Only three
“ roads were deficient in total structural section thickness. It
was one of these structurally deficient roads which was found
to be in extremely poor condition after nine years of service.

23
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Project
BAl

BAZ;
-BAR2z
BAY
BA4
BAS
BAS,
BAG,

BA7

BAY9
BALO
BALL
BAl2
BAL3,
BA13,
Bal4

BAlS

Agency
State

“s¥ate

State
Staﬁe
¥as
State
FaAS
FAS
State
State
State
State
FAS
County
State

State

‘State

FAS -

rable 3

' Design of Roadways Incorporating Lime Treated Aggregate ac a Base

' Thlckness

0 ; " Refyoaired by - As Built
R—value Design Structural Section
Traffic Basement i Surface Surface Total
Index Soil " GE_ Bctual Total ‘GE Stage 1- Stage 2 LTB Subbase GE
- - ) - - Seal Coat 0.75
g 0045 T 0.21 © “1.20°  Pen. Tzédt. 0.17 0,50 0.33 IB 1.32
7. 0,45 0,21 1.65 Pen. Treat. 0.17 0.50 0.67 IB 1.70
7.1 25 0.45 p.21 .70 0.17 0.50 o.89
7.2 '3&_ N 6.45: 0.21 1.60 0.25 1.00 1.74
6.5 40" 0.42 " 0.20 1.25 0.1% 0.50 .96
7.0. 23_ 0.45 0.21 1.72 0.12 0.15 0.50 0.83 IB 2.09
7.0 34° .0.45 0.21 .47 0,12 0.15 0.50 0.33 IB 1.54
8.5(a) = 70% " 0.55 0.30 .82 0.25 0.67 1.27
6.5 26ta) 0.42  0.20 1.56 0.17 1.00 1.56
7.0 29" 0,45 0.21 1.58 O.iD. 0,08 0.50 0.50 IB 1.54
7.0 45 0.45 0.2] 1.23 . 0.17 0.08 0.67 1.34
7.5 5. 0.50 0.25 2.27 Chip Seal 0.25 0.50 1.00 selected 2.10
6{a} 36(a) 0.40 0,17 1.21 0.17 0.50 0,25 selected 1.21
ST G , in-place
6.7 ZOFa) 0,43 0.20 1.64 0.25 0,50 0.50 gravel 1.64
’ SO in-place
6.7 20 (a) 0-43 0.20 l.64 0.25 0,50 0,50 gravel 1.64
6.5{a) 26{a) 0,42 0.20 1.54 0.17 1.00 1.54
6.0 22 0.20  0:17 i.50 0.13 0.17 0.67 1.50
GE' = gfaﬁel'équiﬁalent LTB = lime treated base
"AC = asphalt. concrete . XS = lime treated subbase
RMAS = road mlxed asphalt surfaclng IB =~ imported base
n AB.%‘agqregate hase S {a)} = assumed
AS —‘aggregabe subbase._,.— :

ClibPDF"
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Table 4

Materials and Surface Condition Information for Roadways Constructed with
Lime Treated aggregate as a Base

Hater;.al Treated - - - - Surface Condition Suriey

N “Revalue . : Cr 7 R Pothole Qyerall® Years ' **
Project Type $Lime E ﬂ - Lon 93 T Trans. ' AL g tt:l.ng or Patch condit. Service
. — ~{Tf other tham 10}
BAl Selected 5 - - Good 18
BA2; IB 3 63-77 69-81 v v o : v v Poor 16
BAZ, IB 3 63-77 69-8L -V A v o Y Poor 16
BA3  Selected 5  34-69 62-91 ;0 J 7 Fair 1
BA4 Gravel . 3 37-62 80-88 S Good -
+ - o
BAS Native ° a-4 . 40-60 .78-82 v Y Extremely Poor 9
BAG, IB 4  -60 min. 79-84 . . Good: -
BAG6, —IB 4 60 min. 79-84 Good -
BA7  Selected s 65 min. 77-85 ¥ 7 Fair -
Exist Base : :
BAS & Surf 4 Good 9
BA9  Exist Base 5 48-72  77-19 - 7 v ' Good -
Exist Base ‘ ' : _
BRI lass 3 AB 70-78  78-83 v J Good
Bay1  Selected 3.5 55-77 80+ : Good -
(D.G.)
Selected i -
BAL2Z g} 4 v . v ) Pair
BAl3; Exist Road 3-5 BO+ v v Good. -
BAl3, Exist Road 3-5 v s Good -
BAl4  Exist Road 4 ig-51 77-82 v Good -
BAl1S Exist Road 4 22-75  47-83 A v v " Fair 9

{8) = sludge lime

{Q) = quicklime

*Actual or interpolated condition at end of 10 jrear service,

**pctual years of service.if less than 10 at the end of the study,
or if moxe than 10 when initial survey was made. The years of

service prior to a rating of "extremely poor"™ are noted even
though the road may have been reviewed at a -later date.
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‘Figure 4

PERFORMANCE EVALUATION OF ROADWAYS INCORPORATING
LIME TREATED AGGREGATES AS A BASE
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Figure 5

DEVIATION FROM STRUCTURAL SECTION DESIGN THICKNESS
AND THE EFFECT ON PAVEMENT PERFORMANCE
(LIME TREATED AGGREGATE BASE)
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ﬁ‘coﬁbﬁéison'o% the"”. ééign'aSPhélt cbhcréte thicknesses with

the as-built thicknesses is presented in Figure 6. Approximately
one half of the projects were constructed with less than the
minimum thickness of asphalt concrete indicated by the design
formula. The road which was judged to be in extremely poor con-
dition after niqe yéars and one 6f the two roads which were
resurfaced because of surfacing distress were deficient in
asphalt concrete thickness. All of the roads except one were
deficient in asphalt concrete thickness, by at least a small

margin, when the safety factor requirement is considered.

'bnly one of the projects in this groub was cored for a detailed
‘evaluation of the iq-place.materials. The results of this
‘évaluation are contained in Appendix B. It was surmised that
most of the distresé observed on this project was caused by
lime treatment of a nonresponsive soil. Comments are also
bffered on two other projeéts where additional explanation is
of importance in evaluating the performance of lime treated
materials. o T

‘ ft was concluded from the foregoing data presentation and the
information included in Appendix B that low guality aggregates
which contain respoﬂsive fines can be improved by the addition
of‘lime so as to pféVide a satisfactory base material for
highway constructioﬁ.
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Figure 6

DEVIATION FROM ASPHALT SURFACING DESIGN THICKNESS
AND THE EFFECT ON PAVEMENT PERFORMANCE

(LIME TREATED AGGREGATE BASE )
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Lime Treated Scil Base

The design data.andﬁstructural section thicknesses for this
group of ;oéds areiﬁabuihted in Table 5.. A summary of the
lime freated material used on each project and an evaluation
of the actual or projected surface condition of the roadway
after 10 years of éervice are listed in Table 6. The surface

- conditions after various lengths of time in sexvice, along with

the length of service time prior to resurfacing, reconstruction,
or coring are presented in Figure 7.

0f the thirty—fivejroads constructed with lime treated native

soils as a base, twenty-two (63%) were judged to be in fair to

good condition by the end of the ten year service period. Two

other roads, although resurfaced prior to the end of the 10

year service life,WWere considered to have performed satisfac-
torily with the addifional thickness of asphalt concrete being
added as preventive maintenance on slightly distressed pavement.
If these two are included in the number of roads rated as fair
to good, the total in this classification is increased to 69
percent. The remainder were in poor or extremely poor condition
or had been resurfaced as a result of major distress.

‘It is interesting to note that nearly all of the roalls which

performed poorly had been judged to be in poor or extremely

- poor condition when first reviewed after only a few years of

servidé. This observation indicates that structural deficiencies
in lime treated bases result in an almost immediate distress of

the road. It is only logical that this would occur since there

“is such an extreme difference in the structural quality (R-value)

between untreated and adeéquately stabilized soils. On the other
hand, it is not unusual on other types of roads to observe good

performance for a number of years, then witness a rapid rate of

deterioration. Thése conditions may-make prediction of remain-

ing service life difficult.
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Basement soil data were not available for more than half of these
projects. In some‘céses, a minimum guality 5 R-value was assumed
by the designing agency. In other instances, a 5 R-value was
assumed by the researcher. Traffic Indexes were alsc assumed

for many of these roads. In all probability, very few of these
roads were actually designed on the basis of traffic Surveys and
basement soil stability test values. Many county roads are con-
structed with basic typical structural sections which have proven
satisfactory previously. Others are built simply according to
the structural sections which can be constructed with available
funds. For these reasons, many of the roads are deficient-in
asphalt concrete thickness and, in fact, several have only a

seal coat surface.

It was necessary to assume specific values for these unknown
traffic and soil stability factors so that there could be some
continuity in the method of data presentation.

A comparison of the required and actual structural thicknesses
in Table 5 indicates that 26 (75%) of the 35 structural sections
were deficient in total gravel equivalent thickness by more than
0.1 foot. If each of the roadways with an assumed R-value of 5
for the native soil had an actual R-value of 30, 50% of the
roads in this group would still be deficient in total gravel
equivalence. '

In addition, approximately half of the projects reviewed were
paved with less asphalt concrete surfacing than required by the
design formula. By the end of the 10 year service period, only
a few had been brought up to design standards by either plaﬂned
stage construction or necessary maintenance resurfacing. Wwhen
these structural deficiencies are taken into consideration, it
is quite encouraging that as many as 63% were still in fair to
good condition after ten years.
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Table 5

Deaign of Roadways Incorporating Lime Treated Soil as a Base

Thickness
. Required by As Built
R=-value " Design Structural Section
Traffic Basement Surface ' Surface Tatal
Project Agency Index Spil. T GE _ Actual Total GE Stage 1 Stage 2 LTB Subbase GE
BSl County 5(a) 5{a} 0.38 0.15 1.50 0.17 0.50 0.99
BS2 County 6.0 5{a} 0.38 0.16 1.82 0.21 1.13 1.84
BS3 County 7.0 1 Q.45 0.21 1.98 0.15 RMAS 0.50 0.50 LTS 1.69
BS4 County 5{a}) 5(;) 0.35 0.14 1.50 0.13 0.67 1.14
BS5 County 7.2{a} 17(5) 0.45 6.21 1.90 0.08 0.12 0.67 1.23
BS6 Coﬁn1;.y 6.0 5 0.38 0.16 1.80 0.33 RMAS 1.00 1.60
BS7 County 7.0 11 - 0.45 0.21 2.00 0.08 0.83 1.17
' BSS8 County 7.0 5-13 0.25 0.21 2,12 0.25 1.400 1.17
B59 County 6.0 5{a) 0.38 0.16 1.82 0.17 1.00 1.60
BS10 County 7.0 7 0.45 0.21 2.10 0.25 1.00 1.74
_BS1l County 6.0(a) 5(a) 0.38 0.16 1.82 0.12 G.67 1.10
BSl2 County 6.0(a) 16 0. 38 0.16 1.60 0.08 0.67 1.00
8513 Coﬁnty 6.5 5(;) 0.42 0.20 1.98 0.25 0.50 0.75 LTS 2.00
BS14 County 6.5 5(a) 0.42 0.20 1.98 0.17 0.50 0.75 LTS 1.86
BS15 County 7.0 5{a) 0.45 0,21 2,12 0.17 0.50 0,94
BS16 County 5 5 0.35 0.4 1.50 0.17 0.83 1.40
BS17 FAS 7.5 5£a) 0.47 0.23 2.27 0.17 0.17 1.25 2.18
BS18 FAS 7.5 5(&) 0.47 0.23 2.27 0.27 0.17 1.25 2,18
BS19 County 7.0 5(#) 0.45 0.21 2.12 0.25 l.08 1.84
BS20 Comnty 7.0 5{a} 0.45 0.21 2;12 0.25 1.08 1.84
B521 County <5 5(5) 0.35 Q.14 1.50 0,12 RMAS 0.50 0.84
B522 County 6.0 S(é) 0,38 0.16 1.82 ‘0.13 RMAS 0.50 0.50 LTS 1.44
BS23 County : 5.0 5(?) 0,32 0.13 1;50 0.13 RMAS 0.50 0.74
BS24 County 6.0 S5{a) 0.38 0.1la 1;82 0.13 RMAS 0.50 0.50 LTS 1.44
B825 County 7.0 26 0;45 0.21 1.635 0.20 0.50 1.03
BS26 County 6(a) 67 0.38 0.16 0.63 0,12 0.67 1.10
BS27 County 5{a) 31 0,32 0.13 1.10 Seal Coat 1.00 1.20
BS28 County s{a) 20 0.32 0.13 1.30 Seal Coat 0,75 6.90
BS29 County 5.5 5{(a) 0.35 0.15 1.67 0,13 RMAS .50 0.50 LTS 1.36
BS30 County 4.5 L 0.28 0,11 1;35 0.17 RMAS 0.40 0.40 LTS .16
BS3l Couvnty 6.0 B 3 0.38 0.16 1.75 0.17 0.83 1.39
BS32  Cownty 6(a) 5(a) 0.38 0.16 1.82 0.08 0.83 1.20
BS33 County 6{a} . 28_: _ 0.3E' 0.16 1.28 0.08 0.83 1.20
BS34 County 4.5 5 0.28 0.11 i30 . Chip Seal 0.67 0.80
B535  Cownty 5 15 ° 0.32  0.13 1.35 0.20 0.67 1.30
GE ‘grévei equiv;lent LTB = lime treated base
AC = asphalt concrete LTS = lime treated subbase
RMAS road-mixed asphalt surfacing IB = imported base
AB agg_fegate base {a) assumed
AS = aggregate subbase

WA\
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Table &

é

Materials and Surface Condition Informaticn for Roadways Constructed with
Lime Treated Soil as a Base

Materjal Treated . Surface Condition Survey
Tab R-value Cracking Pothole * COverall* Years'#k
Project Type $ LEime Before After Iongt. Trans. Allig, Rutting or Patch Condit. Service
[If other than 10}
BS1 Soil 4 Good 9
BS2 Soil 4 ' 7 7 v Pair -
BS3 Soil 3(2 in 1TS)  1}1-17 80 . Y v v Poor -
- Soil and -
BS4 Ewist Gravel 5 No tests v/ v Good
BSS Soil 4 17 85 Good -
BSE Soil 5 s 4 v Extremely Poox 6
Soil and :
9 BS7 Soil and el 345 80 / / v v Fair
' Soil and _
BS8 Exist Gravel 4.6 (5) 5+ Good
BSY Soil 5 8L v v v v Good -
BS20 Soil 3 7-14  69-90 Good 9
BS11 Seil 4 v v Good 9
BS12 Soil 4 '4 v 4 Fair 9
BS13 Soil 41(8) 79-82 ' v Fair -
Soil and
BS14 Agg. Base 4(s) 79=-82 v Extremely Poor g
BS15 Soil 4 79-81 I'4 Extremely Poor 4
Spil and
BS16 Exist Gravel 2 5-28 80+ y Fair-
S0il and
BS17 Exist Gravel 4 3+ 74-B1 v v Good
Soil and
Bsl8 Exist Gravel 4 3+ 74-81 14 4 Good
- 6 (top) -
BS19 Soil 4.5 (boitom) 80 v v v Good
: 6{top -
BS20 Soil 4.5 { Pottom 80 v v Good
B521 Soil 4 v Paoor -
- 3{top) _
BS22 Soll 2 {bottom) 4 v v Poor
BS23 Seoil 4 v Good -
: 3{top) _
3924 5o0il 2 (bottom) Good
BS25 Soil 4 v Poor -
BS26 Soil 4 v % v v v Fair 8
BS27 Spil 3-5 31 85-90 v 4 v Fair -
BS28 Seil 3.5 20 68~90 4 Paor 8
. 4 (top}
BS29 Spil 3 (bottorm v v 14 Extremely Paor 2
- 4({top) .
BS30 Soil 3 (bot:tom) Falir g
! BS31 Soil 3 29 82 Fair 7
BS32 Soil 3 10-16 v 4 Good -
BS33 Soil 3 28 v v Good -
BS34 Soil 3 9-23 59 4 Extremely Poor 3
' BS35 D.G. & Clay 2(Q) 13-30 80-91 4 Good 7

(S} = sludge lime

(Q) = quicklime

*Actual or interpolated condition at end of 18 year service.

**Actual years of service if less than 10 at the end of the study,
or if more than 10 when initial survey was made. The years of

service prior to a rating of "extremely poor* are noted even
though the xroad may have been reviewed at a later date,
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" Figure 7

PERFORMANCE EVALUATION OF ROADWAYS INCORPORATING
LIME TREATED SOILS AS A BASE

ERVICE WHEN EVALUATED
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 Comparisons of the required (by design criteria) and actual

total gravel equivalent thickness and asphalt concrete surfacing

thicknesses are presented in Figure 8 and 9 respectively. Based

on Figure 8, there is little correlatibn between road performance
. and deficiency of the gravel equivalence of the total structural

section. Many roads were found to be in good condition even

though deficient by up to 0.75 foot in gravel equivalence. Others

had been resurfaced or were in various stages of distress even
though the constructed section was adequate or only slightly

deficient according to the design formula.

Figure 9, however, indicates once again that there is a corre-
lation between performance and deficiency in the asphalt concrete
thickness. Eighty percent of the roads which were constructed
with asphalt concrete surfacing equal to or exceeding the design
requirement were in fair to good condition after 10 vears.
Fifty-five percent of the roads which were deficient by no more
than .05 ft. were in fair to good condition while only 45 percent
of the roads which were deficient by more than .05 ft. remained
in fair to good condition.

Seven roads from this group were selected for coring and detailed
evaluations of the in-place materials. Projects BS3, BS22, BS25
and BS529 were selected for this phase of the study because of

the widespread distress they contained. Projects Bs1ll, BS17

and BS18 were selected because of their good condition even
though there was occasional isolated distressed areas.

The observations and findings of these detailed investigations
are summarized in Appendix C. It was concluded that major
contributors to the observed distress were treatment of non-
responsive material, poor lime distribution uniformity, and
deficiencies in the constructed thickness of the LTB or AC.
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DESIGN STRUCTURAL SECTION THICKNESS (GE)

Figure 8

DEVIATION FROM STRUCTURAL SECTION DESIGN THICKNESS
AND THE EFFECT ON PAVEMENT PERFORMANCE
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Figure 9

DEVIATION FROM ASPHALT SURFACING DESIGN THICKNESS
AND THE EFFECT ON PAVEMENT PERFORMANCE
(LIME TREATED SOIL BASE)
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Alfhough not included in the group of roads selected for coring,
pertinent information is available for several other roads which
offer significant insight into their performance. Project BS2,
for example, began to show evidence of distress shortly after
construction. An investigation by the county revealed inadequate
mixing of the lime treated material. Some locations, in fact,
were found to be completely void of lime. Project BS14 almost
‘satisfied the design criteria yet it was in poor condition by
the time it was in service four years. This section of road

was a main thoroughfare in a developing area and, as a result,
carried high volumes of truck traffic, particularly ready-mix
concrete trucks, for street, home, and shopping facility
construction. '

' DISCUSSION OF PERTINENT FACTS AND OBSERVATIONS

During the field evaluations,'éampling and testing of in-place
materials, and discussions with materials and construction
engineers in various agencies, many pextinent facts and ocbser-
.vations were brought to light. Those which are of importance

in the design or construction of lime treated roadways are as
follows:

. Variations in Lime Type

‘Some of the early lime treatmwent projects were constructed using
commerically available "hydrated lime" or "agricultural lime".
No quality specificaﬁionslwere Placed on the lime prior to 1959
but it cah be assumed, fr¥om later experience with various limes,
that the calcium hydfoxide‘[CA(OH)Z] content has normally been
in excess of 75 percent. Beginning in 1959, the State of
California has set minimum calcium hydroxide reguirements on

all lime used for soil stabilization on projects under its
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control. As far as is knowﬁ; cities and counties within
California have generally followed the States' recommended
specifications. Records indicéte that the minimum calcium
hydroxide content of lime products used on projects included
in this study has varied from 75 to 90 percent.

Several projects were constructed using sludge lime, which is
obtained as .a by-product when acetylene gas is produced from
calcium carbide. This type of lime normally had a relatively
high calcium hydroxide content but is at times variable in
quality and in the amount of free water present.

A substantial number of projects in a few counties were con-
structed with guicklime in lieu of hydrated lime. Because
quicklime's chemical affinity for water has not been satisfied,
the rapid sugar method of determining calcium hydroxide content
indicates a much higher relative calcium hydroxide content than
for hydrated lime. By this test method, which is used in
California to evaluate the quality of lime, a quicklime of the
same purity as a hydrated lime with 85 percent calcium hydroxide
would have an indicated calcium hydroxide content of approxi-
mately 113 percent.

Information accumulated during this study failed to show that
roads constructed with any one type of lime are more durable
than zroads constructed with any other type of lime. However,
various draw-backs or advantages were noted by individuals
directly involved with the use of lime which could affect
road performance,

As mentioned in the following section on Construction Methods
and Equipment, the finely ground hydrated limes tend to be

~difficult to discharge uniformly from distribution equipment.

In addition, dust is often a matter of considerable concern

39

www . fastio.com


http://www.fastio.com/

during both the dlstrlbutlon and mixing of these products.
There have, in fact, been occasions when construction has been
shut down because of the amount of lime dust in the air.

Figure 10
Dust Problem with Finely Ground Lime

Prior to 1975, the California specifications for lime treatment
fequired that if more than one pass of the mixing equipment was
necessary, then at least one pass was to be made before mixing
water was added. This also often resulted in an extremely dusty
operation. At the same time, the specifications have usually
allowed adding water to the lime after distribution to prevent
blowing. This is accomplished by sprinkling with a water truck.
On two of the projects included in this study, balls of lime

putty up to 3/8-inch or more in size were found during the
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detailed investigations. In both cases, it was determined that
water had been sprinkled on the distributed hydrated lime to
prevent blowing and as a result the lumps were formed. The
formation of these lumps was decumented in the Resident

- Engineer's final report on ocne of the projects. According to
the Resident Engineer's statement, the lime balls were formed

N as a result of the sprinkling operation and were not broken up
in the mixing operation. Representatives of the lime company
assured the engineer that these balls would dissolve in time
and that the lime would migrate throughout the base haterial.
The lime balls were still evident, however, in cores taken ten
years after construction.

The problems of distribution and dust are both greatly reduced
when granular quicklimes are used. Quicklime also provides an
economical advantage in that the water for hydration, which
amounts to over 25 % of the weight of hydrated lime, is added

at the job site. There are, however, some precautions to be
considered when using quicklime., Because of quicklime's chemical
affinity for water and the high temperatures developed during
the hydration process, there is some danger involved. Rapid
flooding of confined quantities of quicklime should be avoided
and personnel should protect themselves from direct contact
with the quicklime as much as .possible. Severe burns can be
caused by quicklime coming in contact with water or perspiration
on the body. The eyes, nose and mouth are especially vulnerable
to burns from quicklime.

Sludge lime is normally available in a wet condition. The

amount of free water in this product may vary considerably, thus
creating new problems in uniformly distributing the lime. Allow-
ances must be made for nonuniform moisture content and a different
type distributor is required. For example, some agencies which
have used sludge lime have made use of agricultural manure spreaders
for distributing the wet lime.
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. It is concluded that'the type of 11me is not cr1t1cal to the

soil stablllzatlon process provided the necessary calcium oxide
can be unlformly blended w1th the soil. Safety, environmental
con51deratlons, capabllltles of spreadlng and mixing equipment,
and economics are lmportant factors, however, which must be

considered When ch0051ng between various types of available
lime.

' Inadeguate Lime Distribution

The rda&'condition sﬁrvey revealed that some pavement distress,
in the form of alligator cracking or rutting, was present to

some extent in more than 50 percent of the lime treated base

~projects. In the'maiority of these cases, the cracking and

rutting was limited to a few localized areas of the total
project indicating the prcbability of some variations in the
structural section. “Subeequent'detailed investigations of
individual projects, along with supplemental background infor-
mation from'the respensibie agencies, confirmed that nonuniform
distribution of the lime was direétly responsible for many of
the localized,failurés.

As dlscussed in the detalled lnvestlgatlon review, Project BS2
began to ‘show ev1dence of distress shortly after construction.

An investigation by the county revealed inadequate distribution

‘" of the lime with some locations being completely void of lime.

Core samples and test holes revealed areas of poor lime distri-
bution in Projects 56, BA7, BSll, BS17 and BS18. It was concluded

’that this poor distribution was a primary reason for the distress

wavwfastio.com

observed on each of these projects. There were indications
that this was also true oﬂ several other projects but the
eVLdence was not conclu51ve because of other contrlhutlng
factors. ‘ '
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‘ A major portion of the observed deficiencies in lime distri-
bution was probably the result of inadequate equipment and/or
inexperience of the contractor as well as the contracting
agency. As equipment and experience have improved over the

. past several years, the problems of nonuniform diétribution of
‘the lime have been greatly reduced. The following section on

- Construction Methods and Equipment offers additional informa-
tion on the types of equipment available anq'some of the
problems that have been encountered. :

Construction Methods and Egquipment

During the early stages of the use of lime stabilized materials,
the lime was distributed by depositing bagged lime at calculated
intervals. Mixing was then accomplished with farm discs or motor
graders (see Figure 11). Neither of these methods provided really
reliable mixing, especially in the heavy clay'materials. It was
also difficult to maintain a uniform mixing depth with the disc.
These same problems were encountered in early soil-cement pProjects
in the midwest.

Bulk lime scon replaced the bagged lime but uniform distribution
over the roadway or in a windrow prbved to be a difficult problem,
Cement distributor trucks, bottom dump trucks with drag type
spreader boxes, and screw fed vane type distributdr'hoppers were
tried, but great difficulty in applying the lime at a uniform
rate was experienced with all of them. The finely ground lime
bridged the openings and would not flow at all or flowed so
freely that it could not be controlled. On one job, workmen

. were required to walk along side the bottom dump trénsport

trucks and pound the~éides.with rubber mallets while another

man poked the lime do§n7fto¢ the top using a long rod (see

Figure 12.) . RO
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# ) Figure 11
Mixing Lime and Soil With Farm Disc.
_ Figure 12
Assisting Lime Discharge Fron Transport - Distributor
44
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As the use of lime iﬁcreaéea'"mb;t 6f'£hé'wofk'was takeh by
specialized contractors and speclally de51gned spreadlng equip-
ment was developed (see Flgure 13) Vlbrators and circulation
systems built into the spreaders helped alleviate much of the
difficulty in distributing the bulk lime. With the increase in
acceptability of granular quicklimes during the past few years,
the problem of distribution has been reduced even further. Some
agencies have found that the uniformly graded granular quicklimes
can be spread with sufficient uniformity by tailgating from an
end dump truck.

Pug mill type mixers (see Figure 14) were found to be satisfactory
for mixing loose granular materials but they were totally useless
for mixing heavy clay materials. 1In some instances the soils built
up on the paddles and in the drum of the pug mill until it was
completely clogged. Tractor mounted, cross shaft, rototiller type
mixers (see Figure 15) soon proved their effectiveness in mixing
lime with the finer grained materials, including heavy gumbo clays.
The smaller farm type tillers were sometimes incapable of maintain-
ing uniform depth control but several manufacturers have developed
large towed or self-propelled mixers which are very effective for
mixing lime with the soil and at the same time adding controlled
amounts of water. Probiems with depth control have also been
virtually eliminated.

Tt is concluded that the equipment and procedures currently
used by experiénced contractors have greatly decreased the

chances of road failures due to inadequate distribution and
mixing of the lime. |
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Figure 13
Distributor Truck With Vibrator and Recirculation System

Figure 14
Pug Mill Type Mixer
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Figure 15

Tractor Mounted Rototiller

+

Stratification of Lime Treated Material

During the coring and sampling phase of this study, it was
observed that the lime treated material on several projects
separated into layers., In some cases, these layers were
obviously different materials, often alternating between well-
cemented and poorly cemented. In other cases, each of.the layers
was well cemented but there was little or no bond between layers.

It is concluded that much of the stratification of the lime
treated material was the result of mixing the lime in thin
layers. On several projects where the lime treated material
was known to have been mixed and compacted as a series of thin
layers, the core samples separated accordingly (see Figure 16).
On other projects where the treated material was placed in six

47

ClibPDF - www .fastio.com


http://www.fastio.com/

inch 1ayer§”£ééausékbf tHickness limit specifications, the core
samples tended to separate'on-these conmpaction planes. At one
test site, the top d 1+ ft. of lime treated material separated
from the rest of the’ layer on a smooth textured, corrugated sur-
face. Both portlons were well cemented and it was very obvious

that the separatlon_was on a plane left by construction eguipment.

This separatien on ebmpadtion planes has also been observed in
laboratory cdmpacted3test specimens. One load application of
the kneadlng compactor as the test material is being built up

in the compactlon mold is often enough to create a poorly bonded
compaction.plane (see Figure 17).

There is insufficieﬁt data to estimate how much the strength of
a well cemented lime treated material would be reduced by the
lack of bondlng between layers. It is certain, however, that
the load carrying capac1ty of the road would depend directly

on the strength and position of the poorest quality lime treated
material in a nonuniform layer. Also, the lack of composite
action by the subbaee or base will decrease the load carrying
capacity of the structural section to some degree. For these
reasons it is recommended that the maximum 1ift thickness for
lime treated soils be increased to 12 inches and that a minimum
1ift thickness of 4iinches be added to the specifications.
Uniform distribution of the lime and adequate compaction are
essential, however, and authorization to mix and compact thick—-
nesses greater thaﬁ 6 inches should be subject to the judgement
of the Engineer anérthe contractor's ability to comply with all
the other specification requirements.
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Figure 16
Construction Planes in Lime Treated Soil

Figure 17

Compaction Planes in Laboratory Test Specimen
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“Nonresponsive ‘Materials ~

During the qoufse of the field review, and while discussing the

use of lime‘treatedﬁgoil with various county materials engineers,

‘several instances wgre_brought to light where major distress had

developed within a ﬁery short period of time after construction.
This occasionally cccurred even though design and construction
procedures and equiﬁment appeared adequate. In these casés,
prelimihary:iébératbry‘tesfs.indicatéd that lime could be used
to effectively impnoﬁé the structural quality of the soils but
when the lime was uéed ip conStrﬁction the treated material
failed to provide ﬁﬁe nebesséry load bearing capability.
Situations like thig‘haﬁe givén rise to speculation that the
reaction between lime and at least some soils may be reversible.
It has certainly had an adverse influence on decisions to use
lime stablized soils in some areas.

Oné very good exampie was a county road in the central San Joaquin
Valley where extensive pavement distress developed within the

first year follow1ng construction.  Pre1iminary tests had indicated
that material suitable for use as a substitute for aggregate base
could be provided by lime ‘treating the native soils. In the

laboratory, only zalquicklimé‘was required to raise the R~value

from less than 10 té 75 or above. Based on these preliminary

tests, the road was- designed and constructed using a structural
section consisting of 0.15" AC, 0.50' LTB and 0.60" LTS. The
LTE and LTS both con51sted of lime treated native soils.

When pavement distréss became cbvious after the first winter,

-the county cored and sampled the structural section at several

locatlons. VEry 11ttle slab strength was observed and laboratory
tests on the recovered materials 1nd1cated R-values for the
treated soils from 34 to 76 with an average R-value of less “than

50. Prellmlnary R—value tests and R~value tests of materials
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sampled from the road immediately after mixing with lime, both
indicated that the native soils would react favorably with lime.
It can be assumed then that a similar R-value was achieved

initially in the roadway, but the reaction was not permanént.

Two other projects in the same general area developed similar
distress. One of these was constructed in 1966 with a structural
section consisting of 0.13' RMAS, 0.50' LTB, and 0.50' LTS. Once
again, the LTB and LTS both consisted of lime treated native
soils. Four percent hydrated lime was specified for the LTB

and 3 percent for the LTS. _When reviewed after two years of
service, there were numerous patched and failed areas through-

out the length of the 2 mile project. The failures were in the
form of alligator cracking and rutting. The rutting was generally
accompanied by a heaving at the edge of the pavement. Five years
after construction, this structural section was cored and sampled
at two locations as a part of this study. Laboratory tests showed
R-values of 23 and 29 for the LTB and 9 and 14 for the LTS.

Again assuming that the planned amounts of lime had actually

been added at these locations, it appears that the soil either

did not react with lime or the reaction was not permanent,

Similar circumstances have also been observed in other geographic
locations. Another county near the coast of northern California
experienced the same type of early distress in two large parking
lots ‘which had been constructed with 0.12' AC over 0.50' of native
soil treated with 4% lime. Preliminary tests indicated that
R-values of 80 or above could be expected. Pavement failures
developed within a very short period of time. When the in-place
materials were resampled, they were soft and friable with no
apparent cementing. Laboratory tests revealed R-values as low

as 26 in lieu of the anticipated 80.
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lﬁ Aﬁbthe£‘roaahay in é%uthérn california deﬁeloped extensive
distress shortly after construction. The original structural
section design'consisted of 3-1/2" AC, 6" CTB, and 6" AB to
provide adequate cover for the 5 R-value basement soil.
During construction, high field moistures and a soft yvielding
subgrade were encountered. To remedy the situation, the
structural section wé.s modified to include a 1 ft. thick layer
of lime treated basement soil. Laboratory tests indicated that
adding 4% hydrated lime to the soil would increase the R-value
to 50 and above. Whenithe road started to fail, the in-place
materials were resampled and tested. Instead of a 50+ R~value
LTS, it was found thét R-values were as low as 25. This in
itself should not have caused the extensive distress observed
in the pavement but further laborafory tests indicated that the
soil still had extreme expansive characteristics even after
being treated with qbito 20% dquicklime.

There have been other instances where the structural gquality of
a lime treated mate;ial has apparently diminished with time but
sufficient data areJQQt available for documentation.

A partial chemical aﬁalysis and an estimation of the minerals
present in the soils from each of the 5 projects mentioned above
has been summarized in the table on the'following page.

Other researchers (5,6) have reported that both sulfates and
organic matter can render a soil unsuitable for stabilization
with cement, lime, or lime~ash mixtures. The data listed in
the above table shows that thé soils from each of the mentioned
projects contained either sulfates, organic matter, or both.
Gypsum, which is calcium sulfate, was found in substantial
quantities in three of thé soils and a lesser amount in a
fourth. Up to 5 perﬁent organic matter was also found in

four of the soils, °
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Chemical and Mineral Content

Percent of Total Sample

Mineral
Soil #1

Quartz 25
Mixed Layer Clay 25-30
Montmorillonite
Gypsum <5
Feldspar 10-15
Chlorite 5
Calcite 5
Mica 5
Amphibole 5
Iron Oxide 5
Serpentine <5
Organic <5
Exidote
Amorphous
Zeplite
Kaolinite 10-15
Glauconite 5
Iron Sulfide
Vermiculite

Chemical
504 pPpm 9,500
Cao % ' 2,1
Na,O0 ppm nil
Soluable Salts ppm 32,900
PH 7.40

www . fastio.com

Soil #2

10-15
10-15 -

1.64
15,070
40,200

8.5

53

20
20

<35
<5
<5
<5

Soil #3

25
15

10~-15

<5

<5

1lo0-~15

10-15

Content

1.04
4,745

19,020

8.0

Soil #4
25-30

20

10-15

<5

<5
20

100
.75
30
450
6.95

Soil #5

20

10

10
10-15
20-25

<5
<5

12,000
3.03

21,800
7.9
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" It was not within thé scope of this investigation to determine

which elements ddversely effect the lime-soil reaction or at
which stage strengtﬁ“was affected. The data accumulated, however,
indicates that the presénce of sulfates and organic matter may

‘be responsible for at least a . portion of the distress which has

deVeloped in some 11me treated roadways. This possibility should
be studied 1n greater detall with consideration being given to
restricting the use of lime treatment when certain minerals

.or chemicals are present in the soil. Some long-term curing

perlods should also be examlned

Leaching of Lime

During fhe'coring aﬁﬁ saﬁpling phase of this study, a thin layer
of apparently untreated soil was observed on the surface of the
lime treated material in several of the test holes. This thin
layer varied in thickness up to .07 foot and was usually soft
and pliable even though the remainder of the layer was well
cemented. Despite the fact that this layer lacked the appear-
ance of having been lime treated, chemical analyses indicated
that lime was ?reseﬁt at approximately the same ratio as the
cemented portion of the treated layer.

Field reviews and diecﬁséions'with county engineers revealed
several similar situations where there was an apparent lack of
lime in the upper portion of the layer.

On one county projeéﬁ, test holes were dug through the lime
treated lawer several daYs afﬁer final compaction. When
phenolpthaleln 1nd1cator was applied to the sides of the test
holes, there was no color reaction to indicate the presence of
lime in the top half~inch or so of the layer. Following final
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compaction of the lime treated material, the surface had been

kept moist by repeatedly spraying with water until the aggregate
base was added. 1In some areas, this amounted to several days

and numerous applications of water.' No apparent distress had
developed in this road as a result of the described conditions;
however, the potential detrimental effect was probably minimized
by the layer of aggregate base. The soft clay on the surface of'
the LTS probably migrated and dispersed into the aggregate base
layer. If the overlying layer had been more dense, such as
asphalt concrete, the layer of soft clay would have been confined
between two impenetrable materials and could have affected the
performance of the surfacing.

On another lightly travelled county road near the coast, a thin
layver of soft clayey material was observed on the surface of the
lime treated soil during the field review. This road, which was
designed for very light traffic, consists of a double seal coat
over lime treated so0il. The surface was badly cracked and con-
tained numerous patches. The layer of soft clay was observed at
locations where the surfacing had cracked or peeled away and
seemed to vary in thickness up to a quarter of an inch. The
treated material below this layer seemed to be firm.. Whether
the layer of untreated fines wags the cause or thé effect of the
surface distress is inconclusive, but construction records
revealed that no curing seal was applied to the compacted, lime
treated soil and that it rained for several days immediately
after the final mixing,

. During discussions with the materials engineer of another central

California county, it was learned that he had obhserved and docu-
mented the effects of water and traffic on lime treated soil. No
detour was available and it was necessary to maintain traffic
through the job Site. Water was applied to the surface to keep
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the layer in a moiéi‘condition.

When it was observed that the

surface was remaining soft, the engineer sampled the material
for laboratory tests. Testing revealed that the lower rortion

of the treated layer had achieved

an R-value of 78 while the

material taken fromithe-soft surface material had an R—value of

only 19.

The evidence noted above leads to the conclusion that repetitious

watering of the surface, egpecially when accoﬁpanied by traffie,
can have a detrimental effect on at least the upper portion of

a lime treated material. This observation has also been reported

by other researchers. The State of Missouri (7) reported "...At
. various locations a thin clay-like layer was noted at the top

of the course. This was believed

to have resulted from repeated

applications of water while curing....". A representative of

the National Lime Association has
observed similar sitwations which
nation of the lime in the exposed
flushed out by water application.

also mentioned that they have
they believe are due to carbo-

surface or the lime being

For these reasons, it is concluded that lime treated materials
should be sealed with-an-asphaltic emulsion curing seal as soon
as possible after final rolling and traffic should not be
permitted on a finished surface before it has been sealed.

Shrinkage Cracking

Transverse cracking of the type normally associated with slab
shrinkage was observed in the asphalt concrete surfacing of

many of the lime treated roadways

reviewed in this study (see

Figure 18). Both treated soils and. treated aggregates were so

affected but the chances of this type of cracking occurring

seemed to be greater 'on Projects where lime was used to treat
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fhe more granular materials. Sixty percent of the roads con-
structed with lime treated aggregates showed evidence of shrihkage
cracking compared to only twenty percent of the roads constructed
with lime treated soils. ‘Also, all of the roads which had visible
shrinkage cracking were in fair to good condition after ten years
of service. Only one of thesé had required resurfacing other
than planned stage construction prior to the end of ten years,
Evidently, the lime treated materials which had visible shrinkage
cracking generally provided a stronger structural section {(slab
effect) than other lime treated materials which were not as sus-
ceptible to shrinkage cracking. |

Figure 18
Shrinkage Cracking
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'These observations tend to substantiate previous conclusions

by other researchers (8) that shrinkage type cracking on lime
stabilized projects occurs most often when the treated base
consists of low PI materials. It was theorized by McDowell

that aggregate bearing mixtures consisting of high PI materials
.and lime are less fragile and can support loads with less crack-
ing during curing thén can low PI or more fragile mixtures.

It is probably not possible to eliminate shrinkage cracking
altogether but it may be possible to reduce its magnitude and
limit its effect on the surfacing. Shrinkage is caused in part
by drying of the material. Observations in the field and in
the laboratory both indicate that drying, especially rapid
drying during the early stages of the chemical reaction, can
result in severe cracking of the lime treated material. Severe
shrinkage cracking was recently observed on a new subdivision
street. The lime-treatment portion of the work was done during
the mid summer and ﬁés left uncovered and unprotected while
other work was being done. When reviewed several weeks after
being placed, the iime~treated native soil was well cemented
but broken into sections often 12 inches or less in size.

In another subdivision, two adjacent sections were constructed
using identical structural sections. One portion was paved

with asphalt concrete within a few days after completion of

the lime treated base. The second portion was not paved for
several weeks, but the lime treated base was protected with a
curing seal during the interim. By the time this second portion
was paved, shrinkage cracks were evident. Within a Year after
completion of the project, shrinkage cracks were visible through-
out the first portion but néne were evident in the second portion
even after four years. 2Apparently cracking which developed after
the asphalt concrete was in place reflected through the surfacing

58

ClihPDE = wiwvw fastio.com


http://www.fastio.com/

i»

ClibPDF -

but when the surfacing was placed on the‘already cracked area
it was not subjected to the same stresses and, therefore, did

not crack.

These observations indicate not only a need for protection of

the lime treated layer but also the possible desirablity of
delaying paving until the lime treated material has undergone
initial curing and the initial shrinkage has occurred. Extreme
caution must be exercised to prevent excessive drying and
assoclated shrinkage which could result in a loss of slab
strength. This would be much more detrimental to the performance
of the road than the shrinkage cracks that sometimes reflect
through the asphalt concrete surfacing at regular intervals.

Preliminary Design Testing

The R-value test is used to evaluate the load bearing capacity

of most materials in and below the roadway structural section.

It is also used to calculate the required thickness of individual
layers as well as the total structural section thickness.

With respect to lime treated materials, it is used to evaluate
the increase in strength of the treated material and to determine
the optimum amount of lime that would be necessary to achieve

the greatest strength. Instances cited earlier, where obviously
underdesigned roads have proven to be satisfactory and properly
designed roads have failed miserably, indicate that the R-value
test may not be providing an accurate measure of the effect of
the lime treatment. Currently, thought is being given to tests
involving triaxial principles, pulsating loads, or unconfined
compressive strength.

It should be pointed out at this time that there are two primary

reactions taking place when soil is treated with lime. First,
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‘there is an ion exchange between the positively charged calcium

ions and the negatively charged metalic ions on the surface of
the clay particles. This ion exchange can change a clay from

a cohesive, plastic material to a friable, non-plastic material.
The second reaction:which occurs is a cementing action. As the
lime combines with natural pozzolans in the s0il, a chemical
reaction takes place which is similar to the cementing action
provided by portland cement. . It is possible, however, that a
material will respond to lime treatement by undergoing an altera-
tion in characteristics without the cementing action following.
Many engineefs are of the opinion that when cementing occurs,
it will be permanent. No ev1dence to the contrary was revealed
in this study. The ion exchange, however, may not be permanent
if cementing does not follow. There is then the possibility
that if cementing does not take place, the total benefit of the
lime treatment may be lost after a period of time.

Because the ion exchange is a rapid reactlon, whereas the cement-

‘1ng continues at a relatlvely slow rate over a long period of

time, the R-VAlue ‘test is ‘only capable of providing an indication
of the early improvement that can be expected by the change in |
material chatacteristics. This may explain why some roads have
performed poorly despite the. fact that preliminary tests indicated
that lime treatment would satisfactorily improVe the R-value of
the material. Several of these roads were discussed in the sec~-
tionon nonresponsive matérials. It was concluded there that the
presence of ‘certain elements in the soil were possibly responsible,

It must therefere be:concluded that the R-value test does not
provide enough information regarding the 1onguterm effects of
lime treatment. Regardlees of the ultimate strengths that may
occur, the maximum achievable R-value for lime treated materials
is approximately 90. Many untreated, crushed aggregates have
Revalues in this same range. The increase in R-value which

occurs as different amounts of lime are added to a soil is
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typified by the two sets of data plotted in Figure 19. Both
s0ils achieved approximately the same R-value when egual amounts
of lime were added. Uncohfined éompressive strengths for these
same two soils are also plotted in Figure 19. Quite obviously,
the cementing action was much greater with the one soil than

.with the other.

In order to better evaluate the ultimate strength of a treated
material} it is recommended that an unconfined compressive
strength test be used. This would not only provide a better
indication of a material's response to lime treatment but would
also more adequately distinguish between various materials.

This could lead to even greater economies by allowing the design

engineer to take full advantage of the strength of the treated
material if it can be predicted. '

Evaluation of Design Procedures

Structﬁral_section design for the roads included in this study
differed from pfoject to project. The Califbrnia design method
was apparently used to'design a good nunmber of roads but in
many instances the asphalt concrete thicknesses did not include
a safety factor. Several others were built using stage con-
struction with a portion of the asphalt concrete to be added at
some future date. At least one county modified the California
design method by assigning a greater gravel equivalent value

to lime treated soils, '

There were also many roads constructed to arbitrary thicknesses
without benefit of materials or traffic evaluations. In most

%

cases, these were light duty roads with very limited funds avail-

able for construction.
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Fig'ure 19

A COMPARISON OF THE EFFECT OF LIME TREATMENT

"ON THE R-VALUE AND COMPRESSIVE STRENGTHS
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Even though the actual design methods differed, all of the roads
were compared and evaluated with respect to the Ccalifornia design
method. These comparisons were presented earlier in Figures

2, 3, 5, 6, 8 and 9 and discussed in the section on Evaluation -
of Roadway Performance. It is concluded that the California
design method does provide a structurally adequate road when :
the materials being treated with lime are susceptible to the
treatment. In nearly all instances, roads which met the current
design standards, including the safety factor, were in good
condition after ten years of service. As the departure from

the design requirements increased, the incidence of major
distress and road fajilure also increased. This was especially
true for the asphalt concrete surfacing.

There are also many examples of roads which performed satis-
factorily despite the fact that they apparently had major
"deficiences" in structural thickness. Some of this may have
been due to less traffic than anticipated. It is concluded,
however; that at least some of the good performance of under-
designed roads was due to the treated material having more
strength then allowed for with the assigned 1.2 gravel factor.
Cores from various roads revealed that it is not unrealistic
for a 4" x 4" specimen of lime treated material to -have an
unconfined compressive strength of 400-500 psi. One core was
recovered which had an unconfined compressive strength of 2000
psi. Under these conditions, a thinner structural section should
be structurally adeqguate.

" It is concluded that the California design method provides for

adequate structrual sections when responsive lime treated mate—‘
rials are used. It does not, however, take full advantage of
lime treated materials which develop high unconfined compressive
strengths. Since there wag a wide range of compressive strengths
observed during this study, any design thickness predicated upoﬁ
an assumed compressive strength should not be used unless the

assumed strength can be obtained under actual construction
conditions.
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APPENDIX A

Detailed Investigations of Projects
Which Included Lime Treated Subbase

Project 86

This county road was constructed in 1964 using a structural
section consisting of 0.17 ft. asphalt concrete (AC), 0.50 f£t,
aggregate base (AB), and 0.92 ft. lime treated subbase (LTS) .
This section should have been adequate with the exception

that the AC thickness was not increased to include a safety
factor. Lime was added to the native soils to provide the lime
treated subbase. The upper portion of the LTS was treated with
4% lime while the lower portion was treated with 3% lime.

When first reviewed four years after construction, the road
appeared to be in near perfect condition except for short areas
of distress at both ends of the project. Alligator cracking

and rutting were extensive for about 200 feet but no other dis-
tress was observed. By the fall of the following yvear, the
magnitude of the distress iﬂ these areas had increased and
several other areas of visihle distress had begun to appear.

The distress continued to progress at such a rate that by the
time the road had been in service ten years alligator cracking
had become widespread throughout the project and the pavement
condition was rated as extremely poor. Rutting appeared to be
minimal but the pavement was breaking loose at some locations

and leaving pot holes (see Figure 20). Several deficiencies

in the aggregate base material were revealed through coring and
laboratory studies of the recovered materials. Laboratory tests
on the base material from three sampling sites indicated R-values
of 69, 73 and 79. The specifications normally require a minimum
R-value of 78, When tested at the same moisture content as found
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in-place on the Toad, the R-value of one sample dropped from
73 to 66. Based on an R-value of 66, the required thickness
of the asphalt concrete would have been over 0.25 ft.

Coaeln e

; " Figure 20
Alligato: Cracking and Potholing

At each samélingﬁiocation, except the one in the area of the
most seﬁere distress, the lime treated subbase material was
well cemented and free of any observed cracking. Unconfined
compressive strehgths of the core samples varied from 160 psi
to 430 psi. The thickness of the layer, however, varied from
0.50 ft. up to the planned thickness of 0.92 ft.

Since no cracking was observed in the lime treated material,
it is concluded that the distress visible on the surface is
.occurring primarily as a result of deficiencies in the aggre-
gate base which in turn added unduelstress to the asphalt
concrete, '
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Project S14

This county road was constructed in 1962 on flat, level ground
near San Pablo Bay. The designed structural section, consisting
of 0.25' Ac, 0.50" AB, and 0,.92' LTS met all of the current
California design criteria except that the AC thickness included
only a portion of the designated safety factor. When reviewed
after seven years of service, it was observed that distress was
present to some degree over a major portion of the road. Areas
of alligator cracking and potholes were observed in each of the
four traffic lanes (see Figure 21). Irregular longitudinal
cracking and spalling of the asphalt concrete surfacing were
also present over much of the area. Because of the extensive
distress, this road was rated as extremely poor.

Figure 21

Alligétor Cracking
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Two locatlons were selected for coring and testlng of the in-place
materials. The flrst location was in an area where several
irreqular longltudlnal cracks were visible in the travel lanes
but there was very littlé evidence of alligator cracking. The
aggregate base at this'location was only 0.27' thick and the

lime treated subbase was not uniformly cemented. Although the
lime treated material was cemented in the top and bottom portions
of the layer, the middle\0.241 of the layer was a soft pliable

~ clay making it impossible to obtain core samples. Phenolphthalein
indicator applied to the sides of the test hole turned bright red
in the upper and lower porfichs, indicating the presence of lime.
There'Was no color change‘indicating lime in the middle portion.
This was also confifmed by chemical analysis which indicated
approximately 4.5% calclum oxide (CaO) in the upper and lower
portlons but less than 1% in the middle. The CaO content of

"the untreated basement soil at this location was determined to

be 0.7%.

The second‘éamplingﬁiocation was selected in an area where there
was considéréble aliiéatcr cracking. Again, the aggregate base
was only 0.26'xthick and the lime treated subbase was not
uniformly cemented. At this location, the lower 0.35' of the
LTS was cemented anaflaboratcry analyses indicated a calcium
oxide contént“cf 3. 2% and an R-value of 80. It was determined
that the mlddle and" upper portions of the LTS layer had CaO
contents of 2 9 and 1. 9, and R~values of 55 and 41, ‘respectively.
The asphalt concrete met mln;mum thickness requlrements at both
sampling locatioﬁs,; ’

A trench cut by a utlllty company prov1ded an opportunlty to
inspect the structural sectlon at a third location. Through

this area, the lime treated material appeared to be well cemented.
The foreman of the’ utlllty crew reported that the lime treated
layer was so well cemented that they had experienced extreme
1difficu1ty breakinq through this layer with their backhoe.

.

ClibPDFE - wiwwvw fastio.com


http://www.fastio.com/

Based on these observations and findings, it is concluded that
the distress on this project was due primarily to poor distribu~
tion of the 1ime-durinq construction and a deficiency in the
aggregate base thickness. The native soil was susceptible to
lime stabilization but nonuniform distribution of the lime left
inadequately treated layers br pockets of soil which were lack-
ing in load bearing capacity. The deficiency in.the thickness

- of the aggregate base compounded the potential problem-by not

: providing adequate cover to bridge the pockets or 1éyers of

poor guality lime treated soil.

Project S18

This county road was constructed using a structural secEion con—
sisting of 0.25 ft. AC, 0.50 ft. AB, and 0.92 ft. LTS. When
reviewed after seven years, the surface of the road was totally
free of any visible distress.

Since the entire road was in excellent condition, two locations
were arbitrarily picked for a detailed investigation of the in-
place materials. At both locations, the thickness of the asphalt'
concrete and the quality and thickness of the aggregate base

met or exceeded all requirements, The LTS at the first location
was extremely hard and proved to be impossible to cut through
with an air-hammer. Cores removed from this material were found
to have compressive strengths of approximately 2000 psi.

At the second location, there was no cementing of the lime
treated material. Laboratory tests, however, indicated that
this material had a minimum R-value of 51 which was still

. adeguate for the design conditions.

. A chemical analysis of the materials indicated calcium oxide
contents of 4.5 and 3.4 at locations 1 and 2 respectively. It
is not believed that this difference alone would account for
the variations in cementing.
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Figure 22

Pavement in Excellent Condition After Seven Years

The construction récdrds state that there was some problem with
the treated mate:ial guaking under construction traffic. It
was concluded tth this was caused by an excess of water and,
after a few days, most of the areas had firmed up. 1In a few
isolated areas, additional lime was added to the remaining

soft spots to asépre adequate stabilization. The records do
not identify these areas but it is possible that the first
sampling location was within an area where additional lime

was used. It isiélso possible that the lack of cementing at
the second location was the result of the excess water which
resulted in insufficient compaction and allowed movement within

the layer} thus destroying any cementing action as it developed.
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There is also the third possibility that the material at the
second location was not responsive to lime treatment. This
possibility was discussed in greater detail in the section of
this report titled "Nonresponsive Materials".

Projects S2 and S3

Two adjoining portions of this FAS road were constructed con-
currently using structural sections consisting of 0.12" AC,
0.50" AB, and 0.50"' or 1.00' of LTS. The material used as

LTS included in-place roadway materials, selected excavation
materials, and imported aggregates. Because of the variations
in the type of material used in the subbase layer, the R~values
of the untreated materials ranged from 6 to 74. There was no
record of the location of where the various materials were
placed.

After ten years of service, both sections of road were in
generally good condition. Transverse and longitudinal cracking
were observed at 5 to 15 f£t. intervals over most of the road-
way and distress in the form of alligator cracking and rutting
was visible only in isolated areas. Even though the transverse
cracks were often quite wide, there was no apparent distress in
conjunction with them. In some areas, a narrow but abrupt
depression in the surface had developed along the irregular
path of the 1ongitudina1 crack.

A deflection survey was made over four 500 ft. test sections
using the traveling deflectometer (9). Two of the test sections
included areas where alligator cracking was visible. In the
mmcracked areas, the deflection measurements were generally less
than .035 in., while deflection measurements in the distressed

» areas ranged from .030 to .050 in. with most measurements greater
than .038 in.
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Three locations were:selected for coring and testing of the

" structural section material. The first location was selected

from an area where there was no visible distress other than
the transverse cracks. Even though the lime treated material
appeared to be well cemented, it was not possible to recover

a good core sample of the . layer because of horizontal separa-

tions into the layerS'of 2 inches or less in thickness.

The second location was selected from an area where a longitu-

dinal crack,'acéompahied by surface depression and transverse

cracking} were the oﬁly visible distress. At this location,

the lime treated layer was well cemented and cores with a
minimum length of four inches were recovered. The unconfined
compressive strengthgof the lime treated material at this test

site was determined to be 1000 psi. The longitudinal and

transverse cracks visible in the surfacing at both locations

1 and 2 were traced all the way through the lime treated layer.
There was no evidencé of any irregularities in the surface of
the lime treated matérial, even along the noted cracks. The
surfaée depression along the crack appeared to be the result
of a loss of aggregate in the base course.

The third coring 1océtion,was selected from an area which was
badly rutted and sevérely cracked. The untreated aggreéate
base at this loc¢ation was approximatély 0.33' thick in lieu of_
the planned 0.50°', and the upper 0.67' of the planned 1.0 ft.
lime treafed layer was not cemented. Approximately 0.20" of
well cementéd lime ﬁreated material was found below the soft
upper portion. A chemical analyéis of the recovered materials
showed, however, that the soft clayey material in the LTS
layer at this location contained approximately 3.0 percent
calcium oxide (Ca0) while the 0.2' of well cemented material

“contained 3.8 pérceﬁt CaQ. A chemical analysis of the ITS
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layer at locations 1 and 2 indicated calcium oxide contents
of 4.1 and 4.5 percent. In addition to containing somewhat
less calcium oxide, the LTS at location 3 was a much finer
material than that found at 16cations 1 and 2. Tt is not

possible to assign a definite cause for the poor guality of

the lime treated material at lcoation 3 but a combination of
the reduced amount of lime along with the increased amount of
clay in the soil may have resulted in insufficient lime to

complete the stabilization process.

Other factors such as continued working of the material after
cementing had begun or insufficient compaction could alsoc have
contributed to the poor quality of the LTS but no records are
available to substantiate these possibilities. The aggregate
base thickness deficiency no doubt also contributed to the
distress to some extent.

Project S8

This FAS project was constructed using a structural section
consisting of 0.17 ft. AC, 0.50 ft..AB, and 1.00 ft, LTS. Four
percent hydrated lime was added to the in-place materials,
primarily native soils, to provide the LTS.

Even though traffic had probably exceeded Ehe design T.I. and
the stage 2 surfacing had not been placed, the surface con-
dition of this road was generally good after ten years of
service. There were, however, a few areas near the outer
edges of the pavement where alligator cracking and rutting

were wvisible.

The structural section materials were sampled from two selected
locations. One of these was in an area where some cracking was
developing.
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The recovered aggreé%te base material at both locations was
within allowable tolerances for quality and thickness. At the
location where there was no visible distress, the LTS was well
cemented and compressive strengths of 225 psi and 400 psi were
measured. At the location where some distress was visible, the
lime treated material was not solid enough to core. Although
cementing had occurred, the material broke out in pieces rather
than as a unit, ihdicating that cementing had not been uniform
or possibly that the slab had been broken up. When this broken
and loose material was recompacted and tested, it was found to
have an R-value of 78 which was more than adequate for use as

a subbase.

buring the saméiing of the structural section materials at both
locations, a thin layer of clayey material was observed on the

surface of the LTS. It was also observed that a definite grading

plane existed between the two lifts of the LTS layer. Both of
these observation are discussed more fully in other sections
of this report. ) ‘

A=-10
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APPENDIX B

Detailed Investigation of Projects Which
Included Lime Treated Aggregate as a Base

Project BA7

This project consisted of adding several miles of passing lanes
to U.S. Highway 50 in the Sierra Nevadas. The as-built struc-
tural section consisted of 0.25' AC over 0.67' of lime treated
decomposed granite obtained from a site within the limits of
the project.

Prior to treatment with lime, the selected material was required
to have a minimum R-value of 65 and a minimum sand equivalent (10)
of 25. Hydrated lime was added at a rate of 5 percent by dry
weight of the aggregate. Construction control tests indicated
that the treated aggregate had an R-value in the high 70's or
80's. '

H
The constructed structural section provided a total thickness
which should have been adequate for use over a 53 R-value base-
ment soil even though the asphalt concrete surfacing was deficient
in thickness. To meet the minimum AC requirement, excluding a
safety factor, a thickness of 0.30 ft. would be required in lieu
of the 0.25 ft. placed. To satisfy the safety factor require-
ment, a total of 0.40 ft. of AC was needed.

‘Test holes were cut at three locations on this job. One was in

an area where extensive alligator cracking was observed and the
other two were in areas where the surface condition appeared good.

Core samples could not be cut at any of the three selected loca-
tions. At the first two locations there was no cementing of the
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- treated layer whatsoever. The top portion of the treated mate—
rial placed at the third location broke into fairly hard lumps

but was not solid enough to permit recovering a core sample.

It was learned from these test holes that this rcad had been
resurfaced on severalroccasions since original construction.

At the first location, the AC was 0.60 ft. thick. At the second
location, three distinct layers of AC were observed on top of
the Original'paVemené At the third location, where there was
'some cementlng of the lime treated base, the road had been
resurfaced only once.

Léboratory tests on ﬁaterials recovered from the three test
sites revealed a lack of uniformity in the quality and quantity
of the lime treated layer. At the first location, the upper
0.30 ft. of the LTB had an R-value of 80 and a calcium oxide
content of'5.2 percent. The lower portion of this same layer
had an R-value of 73 and a calcium oxide content of only 0.4
percent. At the second 1ocat10n, insufficient materlal was
recovered to perform R-value tests but the calcium oxide con-
tent of the treated layer was only 0.1 percent. Material from
the thlrd location had R-values of 83 and 80, respectively, in
the upper and lower portlons of the 1ayer and calcium oxide

' contents of 3 0 and 2 2 percent

~ Poor distribu%ien'of?the'lime may have contributed to the observed
distress and the repeated need for resurfacing on this project;
however, the'primary prbblem was probably a deficiency of clay
and natural pozzolans in the clean decomposed granite.

Project BA9

A 2.4 mile section of this State highway was constructed in
1960 using a structural section consisting of a double seal
coat over 1.0 ft. of imported base material (IBM) having a
minimum R-value of 66. In 1961 three segments of this sectiom,

‘B-2
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totaling 1825 ft., were reconstrﬁcted by treating the top 0.5 £ft.
of the IBM with 5 percent lime and adding 0.107f£. of asphalt
concrete surfacing. An 0.08 ft. thick AcC blanket was added to
the entire roadway in 1966. When reviewed in 1968, longitudinal
and transverse cracking was evident throughout the lime treat-
ment areas. When reviewed again in 1975, fourteen years after
lime treating the base, the lime treated areas were in about

the same condition; transverse and longitudiral cracks at 10

to 15 ft. intervals but no other distress. The adjacent
sections, however, which had not been lime treated, were
developing severe alligator cracking over much of the surface
area. Thus, the lime treatment had apparently strengthened

the structural section significantly.

Project BA4d

This road was not cored for detailed analysis, but because of
severe pavement distress which necessitated resurfacing before
the end of its ten yvear design life, the following information
is offered. A four and one-half mile section of this road was
constructed as a Federal Aid Secondary project in 1959%. The
structural section consisted of 0.25 ft. AC over 1.00 ft. of
ILTB and met design formula reguirements. The mineral aggregéte-
used in the LTB had a specified minimum R-value of 35 prior to
treatment.

This entire road from Truckee to Kings Beach was later incor-
porated into the State Highway System. Because of the improved
alignment and grade, the rocad soon become a popular short-cut

- between Interstate 80 and Lake Tahoe and carried a high volume
of buses and trucks. Logging trucks hauling timber from the

. forests in this area also contributed to the high traffid
volume.
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An 0.08 ft. AC blanket was placed in 1967, eight years after
cofistruction, because of distress in the pavement. Even so,
with the high volumelof trucks and buses then using this road,

it may have carried the total volume of design traffic in the
shorter period.
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APPENDIX C

Detailed Investigation of Projects Which
Included Lime Treated Soil as a Base

Projects BS3 and BS22

\

This county road was constructed in two portions; the first in
1961 and the remainder in 1964, Both portions were constructed
using lime treated native soil as both a base and a subbase. .
The only difference between the base and subbase was the amount
of lime added. Three percent lime was added to the lime treated
base (LTB) layer and two percent was added to the lime treated
subbase (LTS) layer. Preminary tests indicated that these:
concentrations of lime would raise the R-value of these native
soils from 17 and under to over 80 with 2 percent and to over

87 with 3 percent.

The planned structural sections for the two portioris of road
differed only slightly. ‘The planned section for the first
portion consisted of 0.15 f£t. road mixed asphalt surfacing
(RMAS), 0.50 ft. LTB, and 0.58 ft. LTS. The planned section
for the second portion consisted of 0.13 ft. RMAS, 0.50 ft.
1TB, and 0.50 ft. LTS.

Six years after construction of the first portion, the county
found it necessary to resurface this portion of the road because
of rutting and cracking, Even so, the lime treatment was con-
sidered a success. This area had always been subject to high
ground water and considerable differential settlement. .As a
result of the lime treatment, maintenance requirements had been
significantly reduced. The second portion of this road was also
resurfaced at about the same time but an appraisal of its con-
dition at the time was not available.

www . fastio.com
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Regefdless'df”the reasons fdf.}eéﬁfoEing, the additional asphalt
concrete did no more than increase the total surfacing thickness
to that regquired by the design standards for a 7.0 traffic index.
The first portion Wae in poor condition again by the time it

had been in service a total of nine years and the second portion
was in poor condition by the time it had been in service five
years. '

beflection measuremeﬂts in 1971 varied from .012 to .062 inches
with the higher defleetions in the newer portion of the road.

_ cH L
Four test sites were'seleeted for coring, two in each portion
of the road. For the most part, the coring was unsuccessful.
Both attempts in the newer portion of road revealed insufficient

'cementing'of the treated material to cut a core. In the older

portion, there was some cementlng of the treated material but
there was still separatlon into layers, thus making it impossible
to determine compressive strengths.

Because of the lack of cementing of the treated material, it

was difficult to distinguish and measure the thickness of the
individual laYets. 'éhanges in texture, separation on horizontal
pPlanes, cementing or lack of cementing, and color reaction w1th
phenolphthaleln 1nd1cator all offered some clues as to the
different layers. On this basis, it was determined that the
total thickness of the two lime treated layers was generally
deficient by approxlmately 0.3 ft.

Rrvalues determined 1n the laboratory on material recovered
from the LTB layer were 63, 80, 84 and 72 respectively for the
four test 51tes, all below the 87 1nd1cated by preliminary

'testlng. The LTB mater1al recovered from Site 1 had a much

higher 1n—place molsture content than that assumed for a
routine R-value test. When tested at this moisture content,
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the R-value dropped from 63 to 30. The R-values detérmined_on
material recovered from the LTS layer ranged from 65 to 68;
significantly below the 80 indicated by preliminary tests.

Obviously, the stability of the native soils was greatly improved
by the addition of lime, but in this case it was not sufficiently

improved to provide a structurally adequate road.

Project BS29

This county road was constructed in 1966 with a planhed structural
section of 0,13 ft. RMAS, 0.5 £t. LB, and 0.5 ft. LIS, The

LTB and LTS both consisted of lime treated native soils, the only
difference being the amount of lime added. Three percenﬁ lime

was added to the LTB while two percent was added to the LTS.

Groundwater is near the surface in this area and there is con-
siderable ground subsidence. As a result, this road has a
history of requiring more than normal maintenance.

When first reviewed after only two years of service, this road
was in extremely poor condition with an estimated 25 to 50
percent of the surface area being visibly distressed or already
repaired.

Deflection measurements five years after construction varied
from approximately .040 to .110 inches. Two test sites were
selected on the basis of those deflection measurements. One
was in an area where the deflections were lowest and the other
where the deflection measurements were approximately .080,

No cementing of the treated material was evident at either test
site. Material in the base at both sites was found to have an
R-value of less than 30. The material in the subbase had an
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' R-value of less than’15. Quite obviocusly, lime treatment on

this project was ineffective. Either the amount of lime added
was insufficient to complete the reaction or the soil was not
responsive to lime treatment.

Laboratory tests on‘Ehe'recovered‘materials showed calcium oxide
(Ca0) contents in thé*LTB:and'LTS'layers varying from 2.05 to

3.10 percent. The significance of these measurements is question-
able, however, becauée the Cal content of the basement soil under
the road was'measured to be 1.64 and 2.18 percent at the two test
sites and native matérial ‘sampled alcng side the road to a depth
of 1.5 ft. had a CaO content of 2.56 percent.

Project BS25

This county road was constructed in 1965 using a structural section
composed of 0.20 ft.*AC and 0.50 ft. LTB. The LTB consisted of
native soils treated with 4 percent hydrated lime.

When first reviewed three vears after construction, the surface
was judged to be in poor condition with alligator cracking and
patching over a wide “area. Deflection measurements indicated
pavement deflections’from .010 to 0.100 inches.

Two test sites were Selqcted for coring and sampling the in-place
materials. One sitekwas-in:an area where the deflection was

.070 inch and the'paﬁement was severely distressed. The second
site was in an area ﬁhere the pavemeﬂt appeared to be in excellent
condition and deflections were less than .020 inches.

The asphalt concrete at both test sites was found to be 0.20 ft.
fhick as planned. The lime treated material at site one appeared
to be cemented but broken chunks were interspersed with softer
materials. At the second site there appeared to be better
cementing of the total layer but the cores sheared off in

layers approximately 1 1/2 to 2 inches thick.

Cc-4
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Laboratory tests on materials recovered from‘the two sites
indicated R-values of the lime treated layer'ﬁque 82'ande78.
Untreated basement soils from the respective sites had R-values

of 17 and 25. It was also observed that the basement soils con-
tained considerable water. When tested at their in-place moisture
content, the R-values of the untreated material were 8 and 9,
respectively. '

It was concluded that the primary reason for early distress on
this road was underdesign of the structural section. Based on
a design R-value of 15 . and a traffic index of 7.0, a section
having a gravel equivalent value of 1.9 ft. is required in lieu
of the 1.03 f£t, provided. Excessive groundwater and heavily
loaded logging trucks were probably contributing factors to

the poor performance.

Project BS1l1l

. :
This county road was constructed in 1964 with a planned structural
section consisting of 0.12 ft. AC and 0.67 ft. LTB. The LTB was
prepared by adding 4 percent hydrated lime to the native soil.

This low traffic volume road was observed to be in good condi-
tion each time it was reviewed; however, some localized distress
in the form of alligator cracking and rutting was observed in a

few areas.

Two test sites were selected for detailed invesﬁigation of the
in-place materials on this project. Both sites were at the
same station but one was in the outer wheel path where there
was obvious rutting and cracking while the other was in the
inner wheel path where there was no apparent distress.

The asphalt concrete surfacing in the outer wheel path was
found to be only 0.07 ft. thick while in the inner wheel path
it was 0.18 ft.
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The lime treated base was found to be poorly cemented and could
not be cored. At both sites, there was a visual difference
between the upper-and lower portion of the treéted layer. The
top 0.18 ft. at each coring location was tested independently
of the lower portion. Based on visual appearance, the total
depth of the treated layer was determined to be 0.65 ft. and
0.90 ft., respectively, in the outer and inner wheel paths.

_R-values were determined to be 51 and 69 for the top and bottom
portions in the cuter wheel path. The basement soil had an
R-value of 23. Iﬁ the-area of the inner wheel path, the R-values
for the top and bottom portions of the LTB were 48 and 83, and
the R-value of the basement soil was 27.

Calcium oxide content determinations on the LTB materials in-
dicated a lack of uniformity in the distribution of the lime.
The top portion had measured CaO contents of 2.9 and 2.7
percent while the lower portions had CaO contents of 3.7 and
4.7 percent respectively. These figures do not necessarily
represent the amount of lime added since the basement soil at
both locations had Ca0 contents of 1.9 percent. It does,
however, indicate a variation in lime which corresponds to
the variations in R-value. Thus, the pavement distress noted
on this prOjéct‘ﬁas no doubt caused, at least in part, by
nonuniform 1imE‘t£eatment and a deficient AC thickness.

Projects BS1l7 and BS18

Two segments of this Federal Aid Secondary road were constructed
in 1965 using a structural section consisting of 0.34 ft. AC and
1.25 ft. 1TB. The asphalt concrete was planned as stage con—
struction with 0.17 ft. being placed at the time of original
construction. The second stage was not actually placed until
seven years later. The LTB consisted of native soils having
R—values as low aé 3, some existing roadway materials, and

4 percent lime.
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Visual observations indicate that both segqments of this road
performed satisfactorily with the exception of some localized
distress (see Figure 23). Most of the severe diétress, in the
form of alligator cracking and rutting, developed in a one quarter
mile section of the total three and one-half miles constructed.
Deflection measurements varied from .003 to .039 inches with the
higher deflections in the obviocusly distressed areas.

Figure 23

Alligator Cracking and Rutting

Two test sites were selected for sampling and testing the in-
» place materials. One was in an area of high deflections and
obvious distress while the other was in an area of low deflec-
* tion and no visible distress. The thickness of AC at the two
sites was 0.16 and 0.18 ft. respectively.
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" wvarious layers varied from 15 to 82 when tested at their in-place
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‘The LTB at the first site contained alternate layers of cemented

material and soft‘plyable clay, making it impossible to obtain
a full 4-inch core sample. A 2-1/2 inch high portion of a core
was recovered, however, and when tested in the laboratory had an

unconfined compre551ve strength of 290 psi. R-values of the

moisture contents.

| v
At the second‘si%e, the top ten inches of LTB was well cemented
and a core sample was recovered.' The lower portion, however,
broke up‘quite sﬁverely, The compressive strength was not
determined direé?iy on this core but instead a split tensile
strength (ll)'ofﬁ35 was measured. This value is estimated
to indicate an unconflned compressive strength of approximately
250 psi. When the cemented LTB was broken up, remolded, and

tested in the 1aporatory, an R-value of 78 was measured.

N

The soil on thisﬁbrojéet_was'determined to be suitable for lime

stabilization. if-waé concluded that the distress was the result

of incomplete distribution of the lime within the soil.
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